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SUMMARY
The s t r u c tu r e  o f  f r e s h  orange t is s u e ,  ju ic e s ,  comm inuted bases 
and p ro d u c ts  has been s tu d ie d  by  m ic ro s c o p y . The te c h n iq u e s  employed 
were l i g h t  m ic ro s c o p y , t h in  s e c t io n in g ,  n e g a tiv e  s t a in in g ,  fre e z e  
e tc h in g  and sca n n in g  e le c t r o n  m ic ro s c o p y . P h y s ic a l and ch e m ica l 
pa ram e te rs  o f  th e  p a r t ic le s  in  th e  ju ic e s ,  bases and p ro d u c ts  were 
a ls o  measured and th e s e  in c lu d e d  c lo u d  le v e l ,  e s t im a t io n  o f  h e s p e r id in  
c o n te n t and r e f r a c t iv e  in d e x  o f  h e s p e r id in .
The appearance o f  th e  c e l ls  fou n d  in  th e  f la v e d o , a lb e d o , segment 
membrane and ju ic e  sac were s u f f i c i e n t l y  c h a r a c te r is t ic  to  enab le  th e  
o r ig in  o f  th e  v a r io u s  c e l l u l a r  fra g m e n ts  found  in  th e  p rocessed  ju ic e  
to  he a s c r ib e d  to  a p a r t i c u la r  t is s u e  o r ig in .  The s t r u c tu r e s  observed  
i n  th e  o i l  r in g  fo rm ed in  th e  neck o f  b o t t le s  o f  c e r ta in  beverages was 
fou n d  to  be m a in ly  l i p i d  m a te r ia ls .  The fo rm  o f  th e  l i p i d  was 
d i f f e r e n t  on beverages w i th  c o n t r a s t in g  p ro c e s s in g  h is t o r y .  Numerous 
ag g re g a te s  o f  o i l  d r o p le ts  and h e s p e r id in  c r y s ta ls  were observed  in  
th e  c lo u d y  p o r t io n  o f  th e  b e ve ra g e s , and a s u b s ta n t ia l  number o f  these  
p a r t ic le s  were le s s  th a n  0 . 5 |J m d ia m e te r .
A method was e vo lve d  f o r  e s t im a t in g  th e  c r y s t a l l i n e  h e s p e r id in  
c o n te n t o f  th e  sample based on th e  d i f f e r e n c e  in  th e  u l t r a v i o l e t  
a b s o rp t io n  o f  a m e thano l and aqueous e x t r a c t  o f  th e  b e ve ra g e .
I t  was conc lude d  t h a t  th e  q u a n t i t y  o f  h e s p e r id in  p re s e n t in  
orange beverages is  an im p o r ta n t ,  a lth o u g h  n o t th e  s o le  f a c t o r  in  
d e te rm in in g  i t s  c lo u d  le v e l .  Samples w i th  a h ig h  c lo u d  le v e l  con­
ta in e d  h ig h  le v e ls  o f  h e s p e r id in .
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A l im i t e d  s tu d y  o f  lemon beverages in d ic a te d  t h a t  h e s p e r id in  
c o n te n t may n o t p la y  such  an im p o r ta n t r o le  in  t h e i r  c lo u d  le v e l .
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INTRODUCTION
The v a r io u s  sp e c ie s  o f  th e  genus C it r u s  a re  a l l  b e lie v e d  to  be 
n a t iv e  t o  th e  s u b t r o p ic a l  and t r o p i c a l  re g io n s  o f A s ia  and th e  M alay 
A rc h ip e la g o , and to  have sp read  fro m  th e re  to  o th e r  p a r ts  o f  th e  
w o r ld .
The f i r s t  member o f th e  C i t r u s  g roup  to  be documented in  European 
c i v i l i s a t i o n  was th e  C it r o n  ( C i t r u s  M edica L ) ,  m en tioned  in  abo u t 
300 B .C ., by T heoph ra s tus  (W ebber, 1943) and i t  i s  fro m  t h is  
a u th o r i t a t iv e  re v ie w  t h a t  much o f  th e  subsequent h i s t o r i c a l  comment is  
d raw n. F o r hundreds o f  y e a rs  t h i s  appears to  have been th e  o n ly  c i t r u s  
f r u i t  known in  E u rope . Then came in  th e  fo l lo w in g  o rd e r  th e  so u r 
orange ( C it r u s  A u ra n tiu m  L ) i n  a b o u t 900 A .D .,  th e  lemon ( C i t r u s  Lemon L ) 
a t  a b o u t th e  same p e r io d ,  and th e  sweet orange ( C it r u s  S in e n s is  L ) n o t 
u n t i l  a p p ro x im a te ly  1400 A .D , D e s p ite  th e  c o m p a ra t iv e ly  la te  a r r i v a l  
o f  th e  sweet orange in  E u rope , i t  i s  a p p a re n t ly  c le a r  fro m  a n c ie n t  
C hinese l i t e r a t u r e  t h a t  th o se  p a r ts  o f  th e  w o r ld  where th e  f r u i t  was 
in d ig e n o u s , re c o g n is e d  th e  b e n e f i t s  to  be o b ta in e d  fro m  c u l t i v a t in g  th e  
f r u i t ,  and m e n tio n  i s  made o f  th e  h a rv e s t o f oranges in  an o ld  Chinese 
book, th e  "Yu K u n g ", d a te d  a b o u t 2200 B .C .
The c i t r u s  f r u i i s  became r a p id ly  e s ta b lis h e d  in  M e d ite rra n e a n  
Europe d u r in g  th e  f i f t e e n t h  c e n tu ry ,  and i n  1493 were in tro d u c e d  in to  
A m erica  by Col\xmhus. The c u r re n t  im p o rta n ce  o f  c i t r u s  p ro d u c ts  may be 
assessed fro m  some re c e n t s t a t i s t i c s  (Commonwealth S e c r e ta r ia t  1972) 
w h ic h  show t h a t  th e  a n n u a l p ro d u c t io n  o f a l l  ty p e s  o f  c i t r u s  f r u i t  
exceeds 30 m i l l i o n  to n s , o f  w h ic h  abo u t one q u a r te r  is  p rocessed  to
Historical and Technological Aspects
g iv e  some 700 to  750 m i l l i o n  g a llo n s  o f  ju ic e ,  The v a lt ie  o f  th e  ju ic e s  
i s  a round  £250 m i l l i o n  and -as such a cco u n ts  f o r  r a th e r  more th a n  h a l f  
th e  t o t a l  w o r ld  b u s in e s s  i n  f r u i t s  o f  a l l  k in d s .
The deve lopm ent o f  a h ig h ly  s o p h is t ic a te d  c i t r u s  in d u s t r y  began 
when i t  was re c o g n is e d  t h a t  g re a te r  y ie ld s  o f  f r u i t  c o u ld  be o b ta in e d  
by g ro w in g  sweet o ranges on e i t h e r  so u r orange o r ro u g h  lemon r o o t  
s to c k ,  The in t r o d u c t io n  o f  new r o o t  s to c k s  n o t o n ly  in c re a s e d  th e  y ie ld  
p e r  t r e e  h u t  a ls o  th e  range  o f  s u i ta b le  g e o g ra p h ic a l lo c a t io n s  f o r  
c i t r u s  p ro d u c tio n ., Thus we now have c i t r u s  grown f o r  m a jo r com m erc ia l 
use in  A f r ic a ,  A u s t r a l ia ,  th e  A m ericas  (A rg e n t in a ,  B r a z i l  and N o r th  
A m e r ic a ) , C yprus, C h ina , G reece, E g y p t, F rench  M orocco, I t a l y ,  I s r a e l ,
Japan, S i c i l y ,  S p a in  and T u n is ia ,
As m en tioned  above, an im p o r ta n t  use f o r  c i t r u s  f r u i t s  i s  i n  th e  
p ro d u c t io n  o f  ju ic e s  to  be consumed as beve rage s , t h i s  b e in g  p a r t i c u la r l y  
t r u e  o f  th e  sweet o ra n g e . In d e e d , s e v e ra l m a jo r te c h n ic a l in n o v a t io n s  
w ere re q u ire d  i n  o rd e r  to  be a b le  to  p roduce  an a c c e p ta b le  ju ic e  on a 
com m erc ia l s c a le .  I f  ju ic e  i s  e x t ra c te d  by hand fro m  a f r e s h  o range , 
one o b ta in s  a w a te ry , y e l lo w ,  somewhat c lo u d y  l i q u i d  whose s o lu b le  sugars  
g iv e  a sucrose  e q u iv a le n t  o f  11° B r ix  ( S in c la i r ,  1 9 6 1 ). The ju ic e  w i l l  
c o n ta in  a v e ry  b ro a d  spectrum  o f c o n s t i tu e n t  compounds, as m ig h t be 
expec ted  fro m  a p ro d u c t w h ich  has been o b ta in e d  by  th e  d e g ra d a tio n  o f  a 
l i v i n g  f r u i t  t is s u e .  These compounds w i l l  in c lu d e  s u g a rs , p r o te in s ,  
l i p i d s  in c lu d in g  e s s e n t ia l  o i l s ,  o rg a n ic  a c id s ,  c o lo u r in g  m a tte rs ,  v i ta m in s ,  
f la v a n o id s ,  m in e ra ls  and a c o n s id e ra b le  amount o f ' p e c tin a c e o u s  m a te r ia l .
T h is  com plex s o lu t io n  i s  to  m ost p e o p le  a r e f r e s h in g  beverage w i th  a 
h ig h ly  c h a r a c te r is t ic  f la v o u r .
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As .was m en tio n e d  above, th e  ju ic e  i s  o b ta in e d  by th e  d e g ra d a tio n  o f  
th e  f r u i t  t is s u e s ,  so i t  i s  p e r t in e n t  t o  c o n s id e r  th e  s t r u c t u r a l  
o rg a n is a t io n  o f  th e  o range , A b r i e f  d e s c r ip t io n  o f  th e  v a r io u s  a n a to m ic a l 
e lem ents and t h e i r  r e la t io n s h ip  to  each o th e r  w i l l  be p re s e n te d  h e re , 
w h i l s t  a more d e ta i le d  c o n s id e ra t io n  o f  th e  c e l l  ty p e s  fo u n d  in  th e se  
s t r u c tu r e s  is  p re s e n te d  in  a l a t e r  p a r t  o f  t h i s  in t r o d u c t io n .  The v a r io u s  
t is s u e s  o f  th e  orange a re  d e p ic te d  s c h e m a t ic a lly  i n  F ig  1 . The o u te rm o s t 
orange c o lo u re d  t is s u e  is  c a l le d  th e  f la v e d o .  I t  is  j u s t  be low  th e  
s u r fa c e  o f th e  f la v e d o  t h a t  th e  o i l  g la n d s  w h ich  c o n ta in  th e  b u lk  o f  th e  
e s s e n t ia l  o i l  fo u n d  in  th e  orange a re  lo c a te d .  The n e x t la y e r  o f  th e  
orange p e e l w h ic h  i s  lo c a te d  im m e d ia te ly  be low  th e  f la v e d o  i s  th e  t h ic k  
w h ite  la y e r  c a l le d  th e  a lb e d o . C o n ta in e d  w i t h in  t h i s  p e e l a re  th e  segments 
o r  c a rp e ls  w h ic h  c o n ta in  th e  ju ic e  sacs and seeds. Each segment i s  
su rro u n d e d  by a r e l a t i v e l y  to u g h  segment membrane. The f i n a l  t is s u e  
w h ich  is  re c o g n is e d  in  th e  f r e s h  orange is  th e  c e n t r a l  c o re . M ien ju ic e  
i s  e x tra c te d  fro m  th e  o range , some o f th e  t is s u e s  w h ic h  a re  ru p tu re d  
re m a in  a d h e r in g  to g e th e r  and a re  d e s c r ib e d  in  te c h n o lo g ic a l te rm s as th e  
ra g  and p u lp .  These e lem ents a re  re c o g n is e d  as c o n s is t in g  o f  th e  
fo l lo w in g  t is s u e s  fro m  th e  f r e s h  f r u i t .  The ra g  is  th e  c e n t r a l  colum n 
and segment membranes, w h i l s t  th e  p u lp  is  th e  em pty ju ic e  sacs . The 
r e la t i v e  p ro p o r t io n  o f  th e se  t is s u e s  i s  g iv e n  in  T a b le  I  w h ic h  i s  adapted  
fro m  th e  r e s u l t s  o f  S in c la i r  (1961 ) and K e f fo rd  and C hand le r (1 9 7 0 ).
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TABLE I
T is s u e #  by w e ig h t o f  f r u i t
F la ve d o 10#
A lbedo 12-30#
E d ib le  P o r t io n 50 -80#
(a ) J u ic e 35 -55#
(b ) Rag 12#
( c ) P u lp 8- 12#
Fig. 1. S c h e m a t i c  v i e w  o f  a c r o s s  s e c t i o n  o f  an  o r a n g e .
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The in d u s t r y  and te c h n o lo g y  w h ic h  has d eve lop ed  f o r  th e  p ro d u c t io n  
o f  orange ju ic e  w i l l  now be b r i e f l y  c o n s id e re d . The European f r u i t s  
a re  o f  b a s ic a l ly  tw o d i s t i n c t  c u l t i v a r s  -  V a le n c ia s  ( t r a d i t i o n a l l y  fro m  
S p a in  and I t a l y )  and th e  Sham outi (p re d o m in a n t in  I s r a e l ) .  They a re  
h a rv e s te d  in  J a n u a ry  and F e b ru a ry  and d e l iv e re d  in  b u lk  to  th e  p ro c e s s in g  
p la n t  e i t h e r  d i r e c t  fro m  th e  g ro ve s  o r as r e je c t s  fro m  f r e s h  f r u i t  
p a c k in g  houses. A t th e  p la n t  th e  f r u i t  i s  s to re d  in  s i lo s  u n t i l  r e q u ir e d .  
The s i lo s  have in t e r n a l  b a f f le s  to  p re v e n t to o  much damage to  th e  lo w e r 
f r u i t ,  fro m  th e  w e ig h t o f  th e  f r u i t  above. J u s t  p r io r  to  e x t r a c t io n  th e  
f r u i t  w i l l  be washed w i th  w a te r  sp ra ys  and scrubbed  w i t h  r o t a r y  b ru s h e s . 
Some makes o f  e x t r a c t io n  m achines o p e ra te  b e s t w i t h  f r u i t  o f  s p e c i f ic  
d ia m e te r ,  so th e  f r u i t  may he g raded  in to  d i f f e r e n t  s iz e s  b e fo re  re a c h in g  
th e  m ach ine . The tw o m ost w id e ly  used e x t r a c t io n  p la n ts  a re  th e  
In  L in e  machine p roduced  by th e  Food M a ch in e ry  and C hem ica l C o rp o ra t io n  
(FMC) o f A m e rica , and th e  equ ipm ent made by th e  Brown M a ch in e ry  C o rp o ra t io n ,  
a ls o  o f  A m e rica .
The s ta n d a rd  model o f  an FMC m achine w i l l  h a n d le  some 300 f r u i t  p e r 
m in u te . The f r u i t  i s  fe d  in t o  th e  f r o n t  o f  th e  m achine and d ir e c te d  in to  
s p e c ia l  cups. These cups a re  made up o f  r a d ia t in g  f in g e r s ,  such th a t  
th o se  o f  th e  up p e r cup w i l l  descend and in te rm e s h  w ith 'th o s e  o f th e  lo w e r 
cup . B o th  cups a re  f i t t e d  w i th  c i r c u la r  c u t te r s  a t  t h e i r  c e n tre s ,  th e  
c u t t e r  in  th e  lo w e r cup i s  connec te d  w i th  a p e r fo ra te d  s t r a in e r  t i ib e  
benea th  th e  cup . A f r u i t  w i l l  be fe d  in t o  th e  lo w e r cup, and as th e  
u p p e r cup descends upon i t ,  c i r c le s  o f  th e  p e e l a re  c u t fro m  to p  and 
b o tto m . The volum e e n c lo se d  by  th e  cup f in g e r s  now d e c re a se s , so t h a t  
th e  lo w e r d is c  o f  p e e l and th e  f r u i t  i n t e r i o r  a re  fo rc e d  down in t o  th e  
s t r a in e r  tu b e . An o r i f i c e  tu b e  now r is e s  in t o  th e  s t r a in e r  tu b e , 
compressing th e  f r u i t  i n t e r i o r  so t h a t  th e  ju ic e  i s  exp re sse d , and d ra in s
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away th ro u g h  th e  h o le s  o f  th e  s t r a in e r  tu b e . The r e s id u a l  p u lp  o r " ra g "  
i s  e je c te d  fro m  th e  tu b e  and removed as w a s te . In  th e  mean t im e  th e  
p e e l has been fo rc e d  th ro u g h  an a n n u la r  space s u rro u n d in g  th e  uppe r c u t t e r  
to  he r e je c te d .  As t h i s  happens th e  o u te r  orange p a r t  o f  th e  p e e l ( th e  
f la v e d o )  i s  a b ra id e d  by th e  cup f in g e r s  to  g iv e  " p e e l f la k e s "  w h ich  
c o n ta in  th e  b u lk  o f  th e  e s s e n t ia l  o i l  fro m  th e  f r u i t .  The f la k e s  a re  
n o rm a lly  washed away by  w a te r  sp ra ys  to  a screw  p re s s , where an e m u ls io n  
i s  squeezed o u t and th e n  s e p a ra te d  in t o  e s s e n t ia l  o i l s  and w a te r  u s in g  
c e n t r i f u g e s .
The e x t r a c to r  b u i l t  by th e  Brown C o rp o ra t io n  u t i l i s e s  th e  more 
c o n v e n t io n a l ream ing  o p e ra t io n  s im i la r  to  th o se  used in  d o m e s tic  k i tc h e n s .  
The f r u i t  i s  fe d  s in g ly  p a s t a v e r t i c a l  k n i fe  b la d e  w h ic h  s l ic e s  th e  f r u i t  
in t o  tw o . The f r u i t  h a lv e s  a re  th e n  p la c e d  in t o  cups so t h a t  t h e i r  c u t  
fa c e s  a re  h o r iz o n ta l  and fa c in g  downwards, t h e i r  f le s h  i s  removed by 
r o t a t in g  ream ers r i s i n g  fro m  b e n e a th  th e  cup, and th e  e x tra c te d  ju ic e  
d ra in s  away. The empty p e e ls  a re  e je c te d  fro m  th e  cups, and th e  o i l  r i c h  
f la v e d o  la y e r  i s  a g a in  removed as " p e e l f la k e s "  by means o f p e e l sh a v in g  
b la d e s  and r o l l e r s .  The p e e l f la k e s  a re  a ls o  removed by w a te r  sp ra ys  
and th e  o i l  e x t ra c te d  as p r e v io u s ly  d e s c r ib e d . Each o f  th e se  Brown 
m achines can h a n d le  between 300 and 400 f r u i t s  p e r  m in u te .
The ju ic e  o b ta in e d  fro m  b o th  o f  th e se  m achines i s  o f  so c a l le d  s in g le  
s t r e n g th  w i th  a s o lu b le  s o l id s  o f  11° B r ix  , and as such is  com parable 
w i th  ju ic e  o b ta in e d  by hand ream ing  a f r e s h  o range . The n e x t stages o f 
th e  ju ic e  p ro c e s s in g  w i l l  be dependan t upon th e  ty p e  o f  f i n a l  p ro d u c t 
r e q u ir e d .  A g re a t  d e a l o f th e  ju ic e  o b ta in e d  fro m  M e d ite rra n e a n  o r South  
A f r ic a n  f a c to r ie s  is  e x p o rte d  to  E u rope , f o r  use in  compounded p ro d u c ts  
w h ic h  do n o t r e l y  s o le ly  on th e  ju ic e  f o r  t h e i r  f la v o u r .  A ls o ,  le g is la t io n
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i n  c o u n tr ie s  such as W estern  Germany w h ich  p r o h ib i t s  th e  use o f a r t i f i c i a l  
c o lo u rs  and c lo u d in g  agen ts  in  f r u i t  based b e ve ra g e s , induces  th e  f r u i t  
p ro c e s s o rs  to  p roduce  ju ic e s  h ig h ly  c o lo u re d  and d e n s e ly  c lo u d e d  in  w h ich  
f la v o u r  c o n s id e ra t io n s  may be se co n d a ry . Thus, th e  s in g le  s t r e n g th  ju ic e  
i s  passed th ro u g h  sc reens and c e n t r i fu g e s  to  a d ju s t  th e  p u lp  c o n te n t o f  
th e  ju ic e .  I t  i s  th e n  f la s h  p a s te u r is e d  to  k i l l  any c o n ta m in a tin g  
m ic ro o rg a n ism s  and e l im in a te  n a tu r a l  enzyme a c t i v i t y .  The ju ic e  i s  now 
e va p o ra te d  u s in g  one o f th e  many ty p e s  o f th e rm a l m achines to  g iv e  
c o n c e n tra te s  o f  v a r io u s  d e n s i t ie s .  A s ix  f o ld  c o n c e n tra t io n  o f th e  ju ic e  
i s  commonly p r a c t ic e d  ( S in c la i r ,  1961) t h i s  y ie ld in g  a ju ic e  o f  66° B r ix  
s o lu b le  s o l id s .  Such a s ix  f o l d  c o n c e n tra te  may he s l i g h t l y  d i lu t e d  o r 
" c u t  back" u s in g  f r e s h  ju ic e  to  a s o lu b le  s o l id s  o f 44° o r 50° B v ix .  Such 
p ro d u c ts  w ou ld  th e n  he e i t h e r  t r e a te d  w i th  p re s e rv a t iv e  ' such as s u lp h u r  
d io x id e  and packed in  b u lk  c o n ta in e rs ,  o r h o t f i l l e d  in t o  cans w h ic h  a re  
th e n  s e a le d  and s p in  coo led  b e n e a th  w a te r  s p ra y s . T h is  c o n c e n tra te  may 
th e n  be sh ip p e d  to  Europe f o r  f u r t h e r  p ro c e s s in g  in to  p ro d u c ts .  The 
n a tu re  o f  th e  p ro d u c ts  w i l l  he d is c u s s e d  in  more d e t a i l  a t  a l a t e r  s ta g e , 
i n  t h i s  th e s is .
In  c o n t r a s t  t o  th e  c o n c e n tra te  produced f o r  use on th e  European 
m a rk e t, th e  A m erican  m a rke t fa v o u rs  a p ro d u c t w h ic h  is  consumed w i th  o n ly  
th e  a d d i t io n  o f  w a te r .  T h is  p ro d u c t o b v io u s ly  r e l i e s  on a p ro c e s s in g  
w h ic h  i s  capab le  o f  p re s e rv in g  th e  f la v o u r  o f  th e  f r e s h  ju ic e  to  a 
g re a te r  e x te n t  th a n  th e  c o n c e n tra t io n  p rocess  d e s c r ib e d  above. The ju ic e  
w i l l  have been e x tra c te d  as d e s c r ib e d  e a r l i e r  in  t h i s  in t r o d u c t io n ,  b u t 
w i l l  have been c e n t r i fu g e d  more e f f i c i e n t l y  to  remove f r u i t  s o l id s  b e fo re  
c o n c e n tra t io n .  The e v a p o ra to r  used f o r  t h i s  ty p e  o f  p ro d u c t i s  u s u a l ly  
o f  th e  te m p e ra tu re  a c c e le ra te d  s h o r t  t im e  ty p e  (d e s ig n a te d  TASTE), T h is  
i s  a f a l l i n g  f i l m  ty p e  o f  e v a p o ra to r  (V e ld h u is ,  1971) i n  w h ich  th e  d w e ll
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t im e  can be measured in  m in u te s  compared w ith  th e  hou rs  more commonly 
em ployed in  o th e r  sys tem s. A t  le a s t  one s tage  o f  th e  TASTE p la n t  
o p e ra te s  a t  200° to  21 2°F so in c o r p o r a t in g  a p a s te u r is a t io n  s te p .
The ju ic e  w i l l  have been c o n c e n tra te d  to  65° B r i x  anci  th e n  " c u t  back" 
to  45° B r i x  by th e  a d d i t io n  o f f r e s h  ju ic e .  D u r in g  th e  m ix in g  o f th e  
" c u t  back" s tage  th e  p ro d u c t te m p e ra tu re  w i l l  have been reduced  to  
between 30° and 40°F„ F u r th e r  c o o lin g  may be a ch ie ve d  by p a s s in g  th e  
ju ic e  th ro u g h  v o ta to r s  b e fo re  f i l l i n g  in to  packs , th e  m ost p o p u la r  
d o m e s tic  pack is  th e  6oz c o n ta in e r  w h ich  r e c o n s t i t u te s  to  24oz when 
th re e  volum es o f  w a te r  a re  added. These packs a re  n o rm a lly  s to re d  a t  
0 °F  u n t i l  r e q u ire d  f o r  co n su m p tio n .
A t h i r d  ty p e  o f  c i t r u s  p ro ce ss  w h ich  y ie ld s  a p ro d u c t w h ich  i s  
w id e ly  u t i l i s e d  on th e  B r i t i s h  M a rke t i s  th e  so c a l le d  "Comminuted 
B a se ". The e x a c t methods o f base p ro d u c t io n  are n o t r e a d i ly  o b ta in e d  
s in c e  th e y  a re  re g a rd e d  as h ig h ly  c o n f id e n t ia l  to  th e  in d iv id u a l  
p ro c e s s in g  company. In  g e n e ra l te rm s th e y  c o n s is t  o f  b le n d in g  to g e th e r  
ju ic e ,  p i t h  and p e e l o f th e  f r u i t  in  a s p e c i f ie d  p r o p o r t io n .  T h is  
m ix tu re  is  th e n  passed th ro u g h  m i l l s  f i t t e d  w i th  carborundum  g r in d in g  
s to n e s , and so com minutes o r d is in te g r a te s  th e  s o l id  f r u i t  c o n s t i tu e n ts .  
I t  i s  c o n s id e re d  (R o b b in s , 1973) t h a t  th e  d is in t e g r a t io n  p ro ce ss  w i l l  
re le a s e  p e c t in  fro m  th e  p e e l w h ic h  w i l l  fo rm  an e m u ls io n  in  th e  
p resence  o f th e  ju ic e  and o i l  „ The l iq u o r  fro m  th e  m i l l s  i s
f la s h  p a s te u r is e d  a t  95°C to  e l im in a te  p e c t in e s te ra s e  a c t i v i t y ,  and 
th e n  t r e a te d  w i t h  a p re s e rv a t iv e  such as s u lp h u r  d io x id e  and packed 
in t o  casks o r  dimms. These "b a s e s " a re  th e n  sh ip p e d  to  G rea t B r i t a i n  
and s to re d  u n t i l  re q u ire d .  I n  th e  p ro d u c t io n  o f  bases a t  le a s t  two 
m a jo r typ e s  o f orange p ro d u c t a re  re c o g n is e d  (L a m p it t ,  1972, p e rs o n a l 
c o m m u n ic a tio n ). These a re  f i r s t l y ,  a p rocess  w hereby th e  ju ic e  is
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se p a ra te d  fro m  th e  f z 'u i t  and th e n  m ixed w ith  th e  is o la te d  p e e l and p i t h ,  
and se co n d ly  where w hole  oranges a re  s u b je c te d  to  a com m inu tion  p ro c e s s .
I t  has p roved  im p o s s ib le  to  o b ta in  any more d e t a i l  on t h is  second p rocess  
because o f com m erc ia l c o n f id e n t ia l i t y ,  In  th e  e x p e r im e n ta l p a r t  o f  t h is  
l 'e p o r t ,  th e  r e s u l t s  o b ta in e d  fi-om  an e x a m in a tio n  o f  b o th  th e se  ty p e s  o f  
com m erc ia l bases w i l l  he d e s c r ib e d .
Thus, i t  can be seen t h a t  b a s ic a l ly  th re e  ty p e s  o f orange ju ic e  a re  
p roduced  by th e  p ro c e s s o rs . There  is  th e  c o n c e n tra te  in te n d e d  f o r  use 
in  p re p a r in g  v a r io u s  ty p e s  o f  orange b eve rage ; th e  f ro z e n  c o n c e n ti'a te  
w h ich  is  in te n d e d  f o r  d i l u t i o n  w i th  w a te r and th e n  consumed, and f i n a l l y  
th e  comminuted base w h ich  is  in te n d e d  f o r  p ro c e s s in g  in to  v a r io u s  ty p e s  
o f  beve rage . Of th e se  th re e  p ro d u c ts  th e  . fro z e n  c o n c e n tra te  i s  th e  most 
e x p e n s iv e , and th e  comminuted base th e  ch e a p e s t. In  a d d i t io n  to  i t s  
lo w e r p r ic e ,  o th e r  advantages a re  c la im e d  f o r  bases (R obb ins , 19 7 3 ).
These in c lu d e  g re a te r  f la v o u r  in t e n s i t y ,  a g re a te r  c lo u d in g  e f f e c t  and a g re a te r  
s t a b i l i t y  when p rocessed  in t o  a p ro d u c t f o r  d o m e s tic  consum ption .
The bases and th e  c o n c e n tra te s  p roduced by h e a t in g  a re  g e n e r a l ly  
used to  produce th re e  m ain ty p e s  o f  i * e t a i l  p ro d u c t .  These a re  ca rb o n a te d  
orange beve rage s , th e  orange d r in k  and th e  squash. The orange d r in k  and 
th e  squash a re  re c o g n is e d  as b e in g  two d i s t i n c t  p ro d u c ts  in  te rm s o f 
le g is la t i o n  and p r ic in g .  An orange d r in k  must c o n ta in  a minimum o f  10% 
s in g le  s t re n g th  comminute w hereas  a squash must c o n ta in  a t  le a s t  25% o f a 
s in g le  s t re n g th  ju ic e  (S o f t  D r in k s  R e g u la tio n s  1 9 6 4 ). In  a d d i t io n  b o th  
o f  th e se  p ro d u c ts  w i l l  c o n ta in  s u c ro s e , o the i* sw eetene i-s, p re s e rv a t iv e s ,  
c i t r i c  a c id  and c o lo u i ' in g  m a tte r ,  and may c o n ta in  a d d i t io n a l  e s s e n t ia l  
o i l s  and f la v o u r in g s .  (A d e ta i le d  fo z -m u la tio n  is  c o n ta in e d  in  th e  
M a te r ia l  and Methods S e c t io n ) . The orange d r in k  and th e  squash a re
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d i lu t e d  w ith  w a te r  b e fo re  co n su m p tio n .
A re c e n t s u rv e y  (D ie p e r in k ,  1973) on th e  im p o rta n ce  o f  a l l  ty p e s  o f 
s o f t  d r in k s  in  th e  Common M a rke t c o u n t r ie s ,  in d ic a te d  t h a t  o f  s ix  
beve rage s , B ee r, C o ffe e , M i lk ,  W ine, S o f t  D r in k s  and Tea th e  fo l lo w in g  
p re fe re n c e  r a t in g s  were o b ta in e d . In  th e  N e th e r la n d s  s o f t  d r in k s  were 
th e  t h i r d  most consumed b e ve ra g e . I n  th e  U n ite d  Kingdom , Germany, I t a l y ,  
and B e lg ium  th e y  r a te d  f o u r t h ,  w h i l s t  i n  F rance  th e y  were sco red  f i f t h .
To m a in ta in  t h e i r  p o s i t io n  in  th e  M a rke t th e se  beverages must have a 
h ig h  consumer a p p e a l. T h is  a t t r a c t io n  w i l l  m a in ly  c e n tre  upon th e  
f la v o u r  and r e f r e s h in g  a s p e c t o f  th e  d r in k ,  b u t  w i l l  a ls o  to  some e x te n t 
be in f lu e n c e d  by th e  appearance o f  th e  p ro d u c t.  From th e  s ta n d p o in t  o f 
appea rance , i t  i s  p ro b a b ly  th e  n a tu re  of th e  p ro d u c t on th e  s h e l f  a t  th e  
r e t a i l e r s  w h ich  in f lu e n c e s  p o t e n t ia l  purchase as much as th e  appearance 
o f th e  p ro d u c t w h ich  has been d i lu t e d  f o r  consum p tion . I t  i s  c o n s id e re d  
by th e  in d u s t r y  t h a t  th e  consumer r e q u ir e s  a p ro d u c t o f h ig h  c lo u d in e s s  
o r  body and w i t h  v i s i b l e  e v id e n ce  t h a t  th e  p ro d u c t c o n ta in s  f r u i t  t is s u e .  
U n fo r tu n a te ly ,  c i t r u s  beverages and orange p ro d u c ts  in  p a r t i c u la r  a re  
p rone to  s e p a ra te  in to  d i s t i n c t  la y e rs  d u r in g  s to ra g e  o f th e  b o t t l e .  Thus, 
th e  w ou ld  be custom er is  f r e q u e n t ly  c o n fro n te d  by a b o t t le  in  w h ich  th e  
f r u i t  d e b r is  and perhaps th e  b u lk  o f  th e  c lo u d  have s e t t le d  to  th e  
b o tto m  o f th e  b o t t l e ,  and s in c e  th e  c lo u d  has s e t t le d  o u t,  th e  b u lk  o f 
th e  b o t t le  c o n s is ts  o f  a r a th e r  weak, hazy orange re d  c o lo u re d  s o lu t io n  
and th e  neck o f th e  b o t t le  may c o n ta in  e i t h e r  a s u b s ta n t ia l  q u a n t i t y . o f  
w h ite  opaque m a te r ia ls  o r a heavy r in g  o f an o i l .  Severe cases o f  such 
p ro d u c t s e p a ra t io n  a re  d e f i n i t e l y  n o t a t  a l l  a t t r a c t i v e  to  th e  consum er, 
who i s  l i k e l y  to  pu rchase  a p ro d u c t w i th  a more p le a s in g  and a c c e p ta b le  
appea ra nce .
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The body o r c lo u d  o f  orange ju ic e s  is  g e n e ra l ly  co n s id e re d  to  be 
p roduced by th e  suspens io n  o f f i n e  p a r t ic le s  o f f r u i t  and o i l  d ro p le ts  
in  an aqueous phase . S in ce , as m en tioned  above th e  c lo u d  sometim es 
s e t t le s  to  th e  b o tto m  o f th e  pack  and th e  o i l  to  th e  to p  o f th e  pack , i t  
has been c o n s id e re d  (V e rb e c k - In c k e l,  1966) th a t  a g u id e  to  th e  r a te  o f 
s e p a ra t io n  may be g iv e n  by S to ke s ' la w ; and t h is  a u th o r  p re s e n te d  a 
m o d if ie d  fo rm  o f th e  law  as fo l lo w s :
Theories of Orange Cloud Stability
U = a r2 d-j -  d2
where U = th e  r a te  o f  t r a v e l  o f  th e  d is p e rs e  phase 
a s= a c o n s ta n t
r  = ra d iu s  o f  th e  d is p e rs e  phase p a r t i c le s ,  
d i = s p e c i f ic  g r a v i t y  o f  th e  d is p e rs e  phase 
d2 =  s p e c i f ic  g r a v i t y  o f  th e  c o n tin u o u s  phase 
= v is c o s i t y  o f th e  c o n tin u o u s  phase.
S to ke s ' law  is  s t r i c t l y  o n ly  a p p lic a b le  to  a system  in  w h ich  th e  
f r e e ly  s e t t l i n g  p a r t ic le s  a re  s p h e r ic a l ,  o f  a non porous in c o m p re s s ib le  
n a tu re  and a re  suspended in  an in c o m p re s s ib le  f l u i d .  However, in  orange 
ju ic e  i t  i s  l i k e l y  th a t  th e  f r u i t  p a r t ic le s  (w h ich  w i l l  be o f  degraded 
c e l l u la r  o r ig in )  w i l l  be o f  v a r io u s  shapes and s iz e s ,  po rous and 
c o m p re s s ib le . Thus Becher (1965) c o n s id e re d  t h a t  an extended v e rs io n  o f  
S to k e s ' law  w ou ld  be a p p lic a b le  where th e  v is c o s i t y  o f  th e  d is p e rs e  
phase sh o u ld  be ta k e n  in t o  a c c o u n t. B u t t l i i s  m o d if ie d  e q u a tio n  gave 
even g re a te r  ra te s  o f  s e p a ra t io n  th a n  th o se  c a lc u la te d  fro m  th e  S to ke s ' 
law  e q u a tio n  c i t e d  above. Ranganna and Raghuram aiah (1970) have shown
- 18 -
t h a t  f r u i t  p a r t ic le s  o f  v a r io u s  s iz e s  s e t t le d  a t  s im i la r  r a te s ,  and i t  
w ou ld  th e r e fo re  appear t h a t  f a c to r s  n o t in c lu d e d  in  S to k e s ’ law  m o d ify  
th e  s e d im e n ta tio n  b e h a v io u r  in  th e  orange ju ic e  system .
However, even i f  S to k e s ’ la w  d id  n o t a c c u ra te ly  d e s c r ib e  th e  ra te  o f 
s e d im e n ta tio n  i t  was co n s id e re d  t h a t  on th e  g e n e ra l b a s is  o f th e  law  th e  
r a te  o f s e p a ra t io n  w ou ld  be decreased  by th e  fo l lo w in g  f a c to r s :
(a )  R e d u c tio n  in  p a r t i c le  s iz e .
(b ) R educing th e  d e n s ity  d i f fe r e n c e  between th e  p a r t i c le  (d is p e rs e d  
phase) and th e  s o lu te  o r c o n tin u o u s  phase.
(c )  In c re a s in g  th e  v is c o s i t y  o f  th e  s o lu te .
The p a r t i c le  s iz e  o f  th e  d is p e rs e  phase w i l l  be r e la te d  to  p ro c e s s in g
h is t o r y .  The s iz e  o f  the  p a r t i c le s  w h ic h  are p e rm it te d  to  rem a in  in  th e
ju ic e  w i l l  depend on how th e  " p o l is h in g "  c e n t r i fu g e s  a re  s e t ,  b u t
n o rm a lly  most coa rse  p ie c e s  o f  t is s u e  a re  rem oved. Some ju ic e s  and most
bases a re  s u b je c te d  to  an h o m o g e n iza tio n  p rocess  in  an a tte m p t to  reduce
p a r t i c le  s iz e .  One m a jo r f a c t o r  t h a t  has been used as a g u id e l in e  by th e
in d u s t r y  i s  t h a t  th e  p a r t i c le  s iz e  sh o u ld  n o t he reduced be low
o
a p p ro x im a te ly  0 . 5 ^m ( ie  5000A )y o th e rw is e  th e  p a r t ic le s  w ou ld  he s m a lle r  
th a n  th e  w a v e le n g th  o f l i g h t ,aid. thus cease to  r e f l e c t  l i g h t  and hence th e  
p ro d u c t w ou ld  n o t  appear c lo u d y  ( G o o d a l l , •1 9 7 0 ). In  g e n e ra l te rm s a 
mean p a r t i c le  s iz e  o f  abo u t 1 pxn has been c o n s id e re d  d e s ira b le  f o r  th e  
t is s u e  fra g m e n ts  and o i l  d r o p le ts  (S hen ton , 1 9 7 2 ).
The d e n s ity  o f  th e  c o n tin u o u s  phase o r s o lu t io n  in  a p ro d u c t w i l l  
o b v io u s ly  be r e la te d  to  p ro d u c t fo r m u la t io n ,  b u t a t y p ic a l  f ig u r e  f o r  
beverages a v a i la b le  on th e  B r i t i s h  m arke t w ou ld  be a d e n s ity  o f  1.1
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based on a fo rm u la t io n  c o n ta in in g  25# by w e ig h t o f sugar (S hen ton , 1972 ). 
The d e n s ity  f o r  th e  d is p e rs e d  phase p a r t ic le s  i s  v e ry  much more d i f f i c u l t  
to  o b ta in ,  s in c e  th e  n a tu re  o f  th e  p a r t ic le s  w i l l  he d i f f e r e n t .  I n  th e  
case o f th e  t is s u e  p a r t ic le s  th e  d e n s ity  w i l l  he g r e a t ly  in f lu e n c e d  by the  
degree o f  o cc lu d e d  a i r  b u b b le s , and no d a ta  has been p u b lis h e d  in  t h is  
a re a . F o r th e  c i t r u s  o i l s ,  how ever, some in fo r m a t io n  is  a v a i la b le .  The 
c i t r u s  o i l  c o n ta in s  85 -95#  o f  d - lim o n e n e  and d e n s ity  v a lu e s  o f c i t r u s  o i l  
a p p ro x im a te  c lo s e ly  to  t h a t  f o r  d - lim o n e n e , g iv in g  a f ig u r e  o f 0 .8 4 0  
(Handbook o f C h e m is try  and P h y s ic s  1 9 6 9 ). Thus, i t  can be seen t h a t  in  
orange ju ic e  p ro d u c ts  one is  e n d e a vo u rin g  to  suspend p a r t ic le s  w i t h  a 
s p e c i f ic  g r a v i t y  in  th e  range 0 .8 4  in  a s o lu t io n  o f  SG- 1 ! .  I n  th e  p a s t 
i t  was common p r a c t ic e  f o r  s o f t  d r in k  m a n u fa c tu re rs  to  in c re a s e  th e  SG o f 
th e  o i l  by in c o r p o r a t in g  so c a l le d  w e ig h t in g  a g e n ts . The most commonly 
employed weighting agents were b ro m in a te d  v e g e ta b le  o i l s  (BVO 's) o f  SG 
1 .35  and th e se  a re  b lende d  w i th  th e  c i t r u s  o i l s  to  in c re a s e  th e  SG o f 
th e  c i t r u s  o i l  to  t h a t  o f  th e  suspend ing  s o lu t io n .  However, th e  use o f 
such b ro m in a te d  o i l s  i s  no lo n g e r  p e rm it te d ,  as i t  was c o n s id e re d  th a t  
th e  c u m u la tiv e  e f f e c t  o f  in g e s te d  b ro m in a te d  o i l  re p re s e n te d  a h e a lth  
h a za rd  (S ta tu ta r y  In s tru m e n t 1101, 1970 ). O the r m a te r ia ls  w h ich  have 
been t r i e d  as w e ig h t in g  agen ts  have in c lu d e d  r o s in  e s te rs  o r sucrose  
e s te r s .  In  th e  case o f  th e  r o s in  e s te rs  t h e i r  SG is  1 .07  and a lth o u g h  
t h i s  is  g re a te r  th a n  th e  c i t r u s  o i l s  i t  i s  n o t as h ig h  as th e  BVO’ s and 
hence t h e i r  e f f i c ie n c y  as w e ig h t in g  agen ts  i s  somewhat reduced  (G o o d a ll,  
19 7 0 ).
Numerous a tte m p ts  have been made to  in c re a s e  th e  v is c o s i t y  o f  th e  
d is p e rs e  phase. The e x te n t  to  w h ich  th e  v is c o s i t y  o f  th e  s o lu t io n  can be 
in c re a s e d  by th e  a d d i t io n  o f  su c ro se  i s  v e ry  s e v e re ly  r e s t r i c t e d  by the  
f la v o u r  c o n s id e ra t io n s  o f th e  p ro d u c t .  Too much sugar p roduces a s ic k ly
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sw eet u n a c c e p ta b le  b eve rage . Thus, most methods to  in c re a s e  v is c o s i t y  
have u t i l i s e d  p o ly s a c c h a r id e  th ickene rs  o r  gums. They in c lu d e  a lg in a te s ,  
ca rrageen ans , f u r c e l la r a n ,  gum a ra b ic  and lo c u s t  bean gum (G o o d a ll,  19 7 0 ). 
D a k in  (1953) showed t h a t  th e  m o d if ie d  a lg in a te  p ro p y le n e  g ly c o l  a lg in a te  
was most e f f e c t iv e  in  suspend ing  n a tu r .a l f r u i t  t is s u e s .  I t  i s  c o n s id e re d  
(G licksm a n , 1969) t h a t  th e s e  m a te r ia ls ,  w he the r o f  th e  n a tu r a l  o r m o d if ie d  
ty p e ,  a re  e f f e c t iv e  in  in c re a s in g  th e  v is c o s i t y  o f  th e  aqueous s o lu t io n  
as a r e s u l t  o f  t h e i r  h y d r o c o l lo id  n a tu re ,  ie  th e  in d iv id u a l  c o l l o id a l  
p a r t ic le s  abso rb  w a te r  and s w e l l ,  so in c re a s in g  th e  v is c o s i t y  o f  th e  
s o lu t io n .
In  a d d i t io n  to  th e  concep ts  based on th e  a p p l ic a t io n  o f S to k e s ’ law , 
s e v e ra l w o rke rs  have a p p lie d  th e  th e o ry  o f  em u ls ions  to  endeavour to  
u n d e rs ta n d  th e  fa c to r s  c o n t ro l l in g  th e  s t a b i l i t y  o f  c i t r u s  ju ic e s .  These 
have in c lu d e d  a d s o rp t io n  th e o r ie s ,  c o n s id e ra t io n s  o f  i n t e r f a c i a l  phenomena, 
and e le c t r i c a l  th e o r ie s  and th e s e  have been d is c u s s e d  by Becher (1965) and 
Sumner (1 9 5 4 ).
On th e  b a s is  o f  a d s o rp t io n  th e o ry ,  th e  s t a b i l i t y  o f an e m u ls io n  may 
be a t t r ib u t e d  to  th e  a d s o rp t io n  o f  an e m u ls ify in g  agen t on th e  s u r fa c e  o f 
th e  suspended g lo b u le s .  In  s im p le  te rm s , an e m u ls ify in g  age n t is  co n s id e re d  
to  c o n s is t  o f  m o le cu le s  w ith  a p o la r  g roup a t  one end, and a non p o la r  
g roup  a t  th e  o th e r  end. Thus, i t  w ou ld  he expec ted  t h a t  when an e m u ls i f ie r  
i s  added to  an orange ju ic e  th e  n o n -p o la r  end w i l l  become a tta c h e d  to  
th e  o i l  d ro p le ts  le a v in g  th e  p o la r  end exposed in  th e  aqueous phase.
Whence, o i l  d r o p le ts  become su rrounde d  by p o la r  g ro u p in g s  o f  s im i la r  
ch a rg e s , a re  m u tu a lly  r e p e l le d  fro m  each o th e r ,  th u s  te n d in g  to  s ta y  a p a r t  
and in  su sp e n s io n .
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The m ain use o f  e m u ls i f ie r s  in  c i t r u s  d r in k s  has p ro b a b ly  been in  
c o n n e c tio n  w i th  a d d i t io n a l  e s s e n t ia l  o i l  w h ich  is  o f te n  added to  im prove 
f la v o u r  (G o o d a ll,  19 7 0 ). Here th e  e s s e n t ia l  o i l  w i l l  be fo rm ed in t o  an 
e m u ls io n  in  th e  p resence  o f a s u i ta b le  e m u ls i f ie r ,  and th e n  added to  th e  
p ro d u c t .  The c h o ic e  o f e m u ls i f ie r  w i l l  be dependant upon a number o f  
f a c to r s ,  and th e  a c tu a l system s w h ic h  a re  used a re  re g a rd e d  as c o n f id e n t ia l  
in fo rm a t io n .
The th e o r ie s  w h ich  in v o lv e  i n t e r f a c i a l  phenomena have endeavoured 
to  o b ta in  in fo r m a t io n  abou t th e  p r o p e r t ie s  o f  i n t e r f a c i a l  f i lm s  and t h e i r  
r o le  in  s t a b i l i s i n g  e m u ls io n s . B u t th e  r e s u l t s  o b ta in e d  in  t h is  f i e l d  
a re  f a r  fro m  com p le te  and so i t s  a p p l ic a t io n  to  orange ju ic e  i s  l i t t l e  
u n d e rs to o d .
E le c t r i c a l  th e o r ie s  may be c o n s id e re d  to  be an e x te n s io n  o f th e  
a d s o rp t io n  and i n t e r f a c i a l  th e o r ie s  o f  e m u ls io n  s t a b i l i t y  as m en tioned  
above. M iz ra h i and B e rk  (1970) measured th e  charge  on c lo u d  p a r t i c le s ,  
in  orange ju ic e ,  and fo u n d  t h a t  a l l  th e  p a r t ic le s  were n e g a t iv e ly  cha rged , 
and t h a t  t h i s  charge  decreased  w i th  d e c re a s in g  pH fro m  5.1 down to  pH 3 .4 .  
However, th e y  co n c lu d e d  t h a t  in  r e la t i o n  to  c lo u d  s t a b i l i t y  th e  h y d ra t io n  
s ta te  o f  th e  p a r t ic le s  was more im p o r ta n t th a n  t h e i r  e l e c t r i c a l  ch a rg e .
The m ost g e n e r a l ly  h e ld  v ie w  re g a rd in g  orange ju ic e  c lo u d  s t a b i l i t y  
assumes t h a t  th e  c lo u d  p a r t i c le s  a re  s t a b i l is e d  by su sp e n s io n  in  a 
s o lu b le  p e c t in  media (Rouse, A tk in s  1955) and t h a t  fa c to r s  w h ich  fa v o u r  
p e c t in  g e l fo rm a t io n  a ls o  in c re a s e  c lo u d  s t a b i l i t y .  The th e rm a l 
p a s te u r is a t io n  o f  orange ju ic e  w h ic h  in a c t iv a te s  p e c t ic  enzymes has been 
shown.,to enhance c lo u d  s t a b i l i t y  ( B is s e t t ,  V e ld h u is ,  Gnyer and M i l l e r ,  1957> 
M oore, Rouse and A tk in s ,  1 9 6 2 ). The m a jo r i t y  o f  th e  p u b lis h e d  l i t e r a t u r e
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on th e  s t a b i l i t y  o r c l a r i f i c a t i o n  o f orange ju ic e s  has been c e n tre d  upon 
th e  to p ic  o f  c i t r u s  p e c t in  o r th e  p e c t in o ly t i c  enzymes. The e x te n s iv e  
w o rk  in  t h i s  a re a  has been re v ie w e d  by  J o s ly n  and P i l n i k  ( 1961 ) ,
The te rm  p e c t in  co ve rs  a g roup  o f  com plex c o l lo id a l  c a rb o h y d ra te s  
t h a t  c o n ta in  a h ig h  p e rce n ta g e  o f  a n h y d ro g a la c tu ro n ic  a c id  u n i t s ,  w h ich  
a re  th o u g h t to  be com bined in t o  a c h a in  l i k e  c o n f ig u r a t io n  th rough? * 1 -4  
l in k a g e s  (D oesberg , 1 9 6 5 ), On th e  b a s is  o f v is c o s i t y  m easurem ents, i t  has 
been co n c lu d e d , t h a t  in  th e  ca.se o f  p e c t in  fro m  orange t is s u e s ,  some 200 
to  300 g a la c tu ro n ic  a c id  re s id u e s  a re  p ro b a b ly  p re s e n t i n  th e  c h a in  
( S in c la i r ,  1961 ), The c a rb o x y l g roups o f  th e  g a la c tu ro n ic  a c id  u n i t s  may 
he p a r t i a l l y  e s t e r i f i e d  b y  m e th y l g roups  and some o f th e  h y d ro x y l groups 
may be a c e ty la te d ,  D oesberg (1965) c o n s id e rs  t h a t  n o n -u ro n id e  c o n s t i tu e n ts  
may a ls o  be p re s e n t e i t h e r  in  th e  ch a in s  o r  a tta c h e d  as s id e  c h a in s , P e c t ic  
subs tances  show a v e ry  g re a t  h e te ro g e n e ity  as r e s u l t  o f  th e  v a r ia t io n  
in  th e  amount and d i s t r i b u t i o n  o f  m e th o x y l, a c e ty l  and non~u.ro n id e  con­
s t i t u e n t s ,  The m o le c u la r  w e ig h t o f  p e c t ic  substances may v a ry  fro m  
a p p ro x im a te ly  10,000 t o  200, 000, the  lo w  m o le c u la r  w e ig h t substances b e in g  
w a te r  s o lu b le ,  w h i l s t  th e  h ig h e r  m o le c u la r  w e ig h t compounds a re  in s o lu b le  
i n  w a te r  (K e r te s z , 1 9 5 1 ),
F o r a n a ly t ic a l  pu rposes  p e c t in  may he c la s s i f ie d  in t o  th e  fo l lo w in g
fo rm s
( 1 ) W ater s o lu b le  p e c t in ,  e x t r a c ta b le  by  w a te r .
(2 ) A c id  s o lu b le  p e c t in ,  e x t r a c ta b le  by d i l u t e  h y d r o c h lo r ic  a c id  fro m  
a w a te r in s o lu b le  f r a c t io n ,
(3 ) C a lc ium  p e c ta te  and p e c t in a te ,  e x tra c te d  in  th e  p resence  o f  a c a lc iu m  
b in d in g  agen t such as o x a la te ,
(4 )  P ro to p e c t in ,  e x t ra c te d  by  sodium  h yd ro x id e ,.
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I n  a d d i t io n ,  th e  w a te r s o lu b le  p e c t in  i s  f u r t h e r  d iv id e d  on th e  b a s is  o f  
th e  degree o f  e s t e r i f i c a t i o n .  The lo w  m ethoxy p e c t in s  (LMP) a re  le s s  th a n  
50% m e th y la te d , w h i ls t  h ig h  m ethoxy p e c t in  (HMP) have degrees o f e s t e r i f i -  
c a t io n  g re a te r  th a n  50%o
C it r u s  f r u i t s  a re  a v e ry  r i c h  source  o f  p e c t ic  substances ( S in c la i r ,  
1 9 6 1 ). The d i s t r i b u t i o n  o f  t o t a l  and w a te r s o lu b le  p e c t in  in  th e  components 
o f  o ranges a re  l i s t e d  b e lo w  i n  T a b le  2 (N a n ji and Norman-, 1 9 2 8 ).
TABLE 2
S o lu b le  P e c t in  % T o ta l P e c t in  %
P e e l 7o5 1 5o9
A lbedo 18.5 3 8 .8
P u lp 10 .5 1 2 .4
Orange p e c t in  i s  a p p ro x im a te ly  50-90% e s t e r i f ie d  (McCread.y e t  a l , 1951) 
and o f  v e ry  lo w  a c e ty l  c o n te n t (K e r te s z ,  1 9 5 1 )o The m o le c u la r  w e ig h t o f 
orange p u lp  p e c t in  is  a b o u t 150 ,000  (S n e id e r and Bock, 1937) w h i ls t  t h a t  o f 
orange ju ic e  i s  a b o u t 50 ,000 (S vedberg  and G-ralen, 1 9 3 8 ). The le v e l  and 
ty p e  o f  p e c t in  m a te r ia l  p re s e n t w i t h in  th e  orange v a r ie s  d u r in g  th e  cou rse  
o f  deve lopm ent o f  th e  f r u i t  ( S in c la i r  and J o l l i f f e ,  1 9 6 1 ). Thus, Gaddum 
(1934) has re p o r te d  t h a t  i n  V a le n c ia  oranges th e  t o t a l  p e c t in  c o n te n t o f 
th e  a lb e d o  d ecreasesb y  some 35% d u r in g  th e  l a s t  tw o months o f g ro w th , 
and t h a t  o f  th e  p u lp  by  some 20% d u r in g  th e  same p e r io d .  The p e c t in  c o n te n t 
o f  c o m m e rc ia lly  a v a i la b le  bases has n o t been p u b lis h e d , h u t i t  i s  e s tim a te d  
to  be between 0 .0 0 4  a n d l .0% (S hen ton , 19 7 2 ).
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As was m en tioned  above i t  has lo n g  been e s ta b lis h e d  t h a t  h e a t 
p a s te u r is a t io n  o f  orange ju ic e  in c re a s e s  th e  s t a b i l i t y  o f  th e  c lo u d .
S in ce  th e  appearance o f  a c l a r i f i e d  c i t r u s  ju ic e  f r e q u e n t ly  showed th e  
p resence  o f  a g e l l i k e  m a te r ia l ,  i t  was conc luded  t h a t  a s o lu b le  p e c t in  
m a t r ix  was n e ce ssa ry  f o r  s t a b i l i t y  and t h a t  h e a t tre a tm e n t in a c t iv a te d  a 
p e c t in o ly t i c  enzyme. The o n ly  p e c t in o ly t i c  enzyme so f a r  id e n t i f i e d  
i n  orange ju ic e  i s  p e c t in  e s te ra s e  (PE) ( S in c la i r ,  1 9 6 1 ), T h is  enzyme 
was f i r s t  is o la te d  and c h a ra c te r is e d  i n  orange ju ic e  by  M aeDonnell, Jansen 
and L inew ea ve r (1 9 4 5 ), P e c t in e s te ra s e  a c ts  by  h y d ro ly s in g  e s te r  g roups o f  
p e c t in ic  a c id ,  p ro d u c in g  m e thano l and f r e e  c a rb o x y l ic  a c id  g ro u p s , and 
y ie ld in g  p e c t ic  o r p e c t in ic  a c id s  w i th  a lo w e r degree  o f  e s t e r i f i c a t i o n 0 
H y d ro ly s is  i s  c o n f in e d  to  m e th y l e s te r  groups a d ja c e n t to  f r e e  c a rb o x y l ic  
a c id  groups and w i l l  th e n  p roceed  l i n e a r l y  a lo n g  th e  c h a in , M aeDonnell 
e t  a l  (1945) fo u n d  t h a t  th e  a c t i v i t y  o f  PE is  in c re a s e d  i n  th e  p resence  
o f  s a l t s ,  p a r t i c u la r l y  d iv a le n t  c a t io n s  such as c a lc iu m . Maximum enzyme 
a c t i v i t y  o ccu rs  a t  pH 7 ,5 ,  b u t  th e  a c t i v i t y  i s  s t i l l  q u i te  c o n s id e ra b le  
a t  th e  lo w e r p H 's  e ncoun te red  in  ju ic e s  and b ases . Orange p e c t in  e s te ra s e  
a c t i v i t y  d i f f e r s  w id e ly  i n  th e  v a r io u s  a n a to m ic a l e lem ents  o f  th e  f r u i t ,  
th e  g re a te s t  a c t i v i t y  b e in g  observed  in  th e  ju ic e  sacs (Rouse, 1 9 5 3 ), The 
d i s t r i b u t i o n  o f a c t i v i t y  i n  th e  v a r io u s  t is s u e s  o f  th e  V a le n c ia  orange is  
g iv e n  i n  T ab le  3 ,
TABLE 3
P e c t in  e s te ra s e  a c t i v i t y  (P .E „u , )  g x  103 
(on a d ry  s o l id s  b a s is )
P ee l 3 4 ,4
A lbedo 2 0 ,7
J u ic e  Sacs 474,3
J u ic e 1 ,9
Thus, when ju ic e s  c o n ta in  g re a t amounts o f p u lp  ( i . e .  ju i c e  sac re s id u e )  
more v ig o ro u s  p a s te u r is a t io n  p ro ce sse s  a re  re q u ire d  to  in a c t iv a te  th e  enzyme. 
Rouse and A tk in s  (1952) have shown t h a t  in  o rd e r to  a ch ie ve  100# enzyme 
in a c t i v a t io n  i n  a V a le n c ia  orange ju ic e ,  c o n ta in in g  10# p u lp ,  i t  was 
n e c e s s a ry  to  h e a t to  21 0°F (98»9°C) w i th  a h o ld in g  t im e  o f  10 seconds.
D ie tz  and Rouse (1953) c o n s id e re d  th a t  th e  mechanism o f  ju ic e  
c l a r i f i c a t i o n  in v o lv e d  th e  a c t io n  o f  p e c t in  e s te ra s e  on ju ic e  s o lu b le  
p e c t in ,  c o n v e r t in g  i t  to  low  m e th o xy l p e c t in ,  w h ich  th e n  re a c te d  w ith  
p o ly v a le n t  c a t io n s  to  fo rm  in s o lu b le  p e c ta te s .  Thus, th e  c o n c e n tra t io n  o f  
ju ic e  s o lu b le  p e c t in s ,  w h ich  was c o n s id e re d  n e ce ssa ry  f o r  p a r t i c le  
su sp e n s io n , had been d e p le te d , and th e  p r e c ip i t a t io n  o f  th e  in s o lu b le  p e c ta te s  
was presumed to  o cc lu d e  th e  c lo u d  p a r t ic le s  and remove them fro m  su sp e n s io n .
However, i t  has been shown by  Baker and Bruemmer (1969) t h a t  s o lu b le  
p e c t in  was n o t n e ce ssa ry  f o r  c lo u d  s u p p o r t,  as a s ta b le  suspens io n  o f  
orange ju ic e  p a r t ic u la te s  c o u ld  be made in  w a te r .  F u rth e rm o re , Baker 
and Bruemmer (1972) have been a b le  to  p roduce a s ta b le  orange ju ic e  c lo u d  
by  t r e a t in g  ju ic e  w ith  a com m erc ia l p e c t in o ly t i c  enzyme, th u s  v i r t u a l l y
e l im in a t in g  th e  h e a t p a s te u r is a t io n  s ta g e . From t h e i r  s tu d ie s  u s in g
com m erc ia l p e c t in o ly t i c  enzymes on orange ju ic e s ,  th e y  have conc luded 
t h a t  i t  i s  th e  fo rm a t io n  and p r e c ip i t a t io n  o f  in s o lu b le  p e c ta te s  w h ich  
r e s u l t s  i n  th e  c l a r i f i c a t i o n  o f  orange ju ic e .  The r o le  o f  com m erc ia l 
p e c t in o ly t i c  enzymes in  s t a b i l i s i n g  orange ju ic e  i s  c o n s id e re d  to  be as
fo l lo w s .  Com m ercial samples o f  p e c t in o ly t i c  enzyme c o n ta in  i n  a d d i t io n  to
p e c t in  e s te ra s e , p o ly g a la c tu ro n a s e  (PCr) and p o ly m e tliy lg a la c fru ro n a s e  (PMG-).
The o th e r  member o f  th e  fa m i ly  o f  p e c t ic  enzymes p e c t in  t ra n s  e lim in a s e  
(PTE) has n o t been d e te c te d  in  com m erc ia l enzymes from  h ig h e r  p la n ts  
( I s h i i  and Y oko tsuka , 1971 )* Baker and Bruemmer (1972) c o n s id e re d  th a t  i t
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i t  i s  th e  r a t i o  o f  th e  p o ly g a la c tu ro n a s e  to  p o ly m e th y lg a la c tu ro n a s e  th a t  
i s  th e  im p o r ta n t f a c t o r  i n  th e  a c t io n  o f  th e  com m erc ia l enzymes. The 
d e g ra d a tio n  o f  p e c t in  b y  p e c t in  e s te ra s e , p o ly g a la c tu ro n a s e  and p o ly m e th y l­
g a la c tu ro n a s e  may p roceed  v ia  th e  scheme proposed by  Demain and P h a ff  
(1957) w h ic h  i s  d e p ic te d  i n  P ig .  2 .
Whence i t  can he seen t h a t  th e  u l t im a te  c a ta b o lis m  p ro d u c ts  fro m  ju ic e  
s o lu b le  p e c t in ,  w i l l  be e i t h e r ,  lo w  m e th o xy l p e c t in ,  o r  s o lu b le  o l ig o -  
g a la c tu ro n ic  a c id s .  Thus in  orange ju ic e ,  th e  ro u te  v ia  n a tu r a l  p e c t in  
e s te ra s e  ta k e s  p la c e  to  p roduce  lo w  m e th o xy l p e c t in  w h ich  p r e c ip i t a t e s  
w i th  p o ly v a le n t  c a t io n s  and so c l a r i f i e s  th e  ju ic e .  T rea tm en t o f  ju ic e  w i th  
a com m erc ia l enzyme w i th  a h ig h  p o ly g a la c tu ro n a s e  to  p o ly m e th y lg a la c tu ro n a s e  
r a t i o ,  p roduces a g re a te r  p r o p o r t io n  o f  s o lu b le  d L ig o g a la c tu ro n ic  a c id  th a n  
low  m e th o xy l p e c t in .  So t h a t ,  th e  mechanism o f  c l a r i f i c a t i o n  v ia  p r e c ip i t a t io n  
o f  lo w  m e th o xy l p e c t in  i s  m in im is e d . P i l n i k  and V aragen (1970) have re p o r te d  
t h a t  orange ju ic e  c o n ta in s  no d e te c ta b le  p o ly g a la c tu ro n a s e  o r p o ly m e th y l­
g a la c tu ro n a s e .
So, th e  u s e fu l  r o le  o f  p e c t in  i n  s t a b i l i s in g  orange ju ic e  c lo u d  has 
been b ro u g h t in to  d o u b t. However, o range ju ic e  does c o n ta in  a la rg e  amount 
o f  p e c t in ,  and i t  i s  c le a r  t h a t  e i t h e r  th e rm a l p a s te u r is a t io n  o r c o n t r o l le d  
e n zym a tic  tre a tm e n t a re  e s s e n t ia l  to  o b ta in  a s ta b le  c lo u d .
N a tu re  o f  C loud P a r t ic le s
(a ) C hem ical
I t  i s  now p e r t in e n t  to  c o n s id e r  w hat is  known abo u t th e  n a tu re  o f  th e  
c lo u d  p a r t i c le s .  C hem ica l a n a ly t ic a l  te c h n iq u e s  have in d ic a te d  t h a t  th e  
c lo u d  i s  composed a lm o s t e x c lu s iv e ly  o f  p e c t in ,  p r o te in  and l i p i d  (S c o t t ,
ICew & V e ld h u is ,  1965, and Baker and Bruemmer, 1 9 6 9 ). The e a r ly  d a ta  o f  
S c o t t  e t  a l  (1965) suggested  t h a t  th e  amount o f  th e se  3 m a jo r c o n s t i tu e n ts  
was p e c t in  60%,p r o te in ,  1%, l i p i d  25%. However, Baker and Bx'uemmer (1969)
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Fig. 2. S c h e m a t i c  r e p r e s e n t a t i o n  o f  the  d e g r a d a t i o n  o f  p e c t i n .
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c o n s id e re d  th a t  m ethod o f p e c t in  a n a ly s is  used by  S c o tt  e t  a l  was i n -  
a c c u ra te ,  and t h e i r  own r e s u l t s  f o r  th e se  c o n s t i tu e n ts  were p e c t in  34#, 
p r o te in  34# and l i p i d  25#. F u r th e rm o re , S c o t t  e t  a l  a ls o  co n s id e re d  th a t  
th e  c o m p o s it io n  o f  th e  c lo u d  was q u i te  d i f f e r e n t  fro m  th a t  o f  th e  o th e r  
a n a to m ic a l e lem ents  o f  th e  f r u i t ,  and so th e  c lo u d  sh o u ld  be re g a rd e d  as 
a d i s t i n c t  a n a to m ic a l component o f  th e  f r u i t  and n o t m e re ly  as s m a ll 
fra g m e n ts  o f  p u lp .
Recent s p e c tro s c o p ic  in v e s t ig a t io n  o f  an a lc o h o l ic  e x t r a c t  o f  th e  
c lo u d  fro m  V a le n c ia  o ranges , has in d ic a te d  a b s o rp t io n  maxima in  b o th  th e  
v i s i b l e  and u l t r a v i o l e t  r a d ia t io n  ranges  (P e tru s  and D o u g h e rty , 1 9 7 3 ).
These a u th o rs  have s h o w  th a t  t h i s  a lc o h o l ic  e x t r a c t  c o n ta in s  c a ro te n o id s ,  
p o ly p h e n o ls , f la v a n o id s  and a s c o rb ic  a c id ,
b) M ic ro sco p y
The e x a m in a tio n  o f th e  c lo u d  p a r t i c le s  by m ic ro s c o p ic a l te c h n iq u e s  
u t i l i s i n g  b o th  th e  l i g h t  and e le c t r o n  m icroscopes has g r e a t ly  a id e d  th e  
i d e n t i f i c a t i o n  o f  some o f th e  c lo u d  p a r t i c le s .  M iz ra h i & B e rk  (1 970) 
u s in g  a c o m b in a tio n  o f  l i g h t  and e le c t r o n  m ic ro s c o p y , on th e  c lo u d  fro m  
Sham outi o ranges i d e n t i f i e d  c h ro m o p la s t id s , fra g m e n ts  o f  p u lp  and ra g , 
o i l  d r o p le ts  and n e e d le  l i k e  p a r t i c le s  w h ich  th e y  i d e n t i f i e d  as th e  
fla v a n o n e  h e s p e r id in ,  Reseh and Schara  (1970) have made e x te n s iv e  s tu d ie s  
u s in g  l i g h t  m ic ro sco p y  o f  th e  a n a to m ic a l e lem ents o f  th e  o range , and th e  
p a r t ic u la t e  m a te r ia l  fo u n d  i n  orange ju ic e s  and com m erc ia l p i,o d u c ts 0 They 
have re c o g n is e d  a l l  th e  p a r t ic le s  d e s c r ib e d  by M iz ra h i and B e rk , and have a ls o  
d e s c r ib e d  th e  n a tu re  and p ro b a b le  o r ig in  o f  s e v e ra l o f  the  p u lp  and ra g  
p a r t i c le s .
M ic ro s c o p ic a l S t ru c tu re  o f th e  O range
The a n a to m ic a l e lem ents  o f  th e  orange are  composed o f  th e  fo l lo w in g  
t is s u e  ty p e s . The exoca rp  com prises  th e  orange c o lo u re d  so c a l le d
f la v e d o o  The o u te r  e p id e rm a l c e l ls  o f  t h i s  la y e r  have a waxy c u t i c le .  
Beneath  th e  e p id e rm a l c e l l s  a re  fo u n d  th e  o i l  g la n d s  w h ich  c o n ta in  th e  b u lk  
o f  th e  e s s e n t ia l  o i l  t h a t  i s  fo u n d  in  o ranges . The o th e r  la y e rs  o f th e  
exoca rp  c o n ta in  is o d ia m e t r ic  c e l ls  w h ic h  f r e q u e n t ly  b e a r th e  c o lo u re d  
ch ro m o p la s ts  and c a lc iu m  o x a la te  c r y s ta ls .
The mesocarp o r a lbedo  i s  fo u n d  ly in g  im m e d ia te ly  b e nea th  th e  f la v e d o .  
I t  com prises  o f tube  l i k e  c e l l s  w i t h  v e r y  t h ic k  c e l l  w a l ls  w h ich  a re  
s e p a ra te d  by  la rg e  i n t e r c e l l u l a r  spaces c o n ta in in g  a i r .  I t  i s  th e  com­
b in a t io n  o f  th e se  la rg e  a i r  spaces and t h i c k  c e l l  w a l ls  w h ich  im p a r t  to  t h i s  
t is s u e  i t s  c h a r a c te r is t ic  y e l lo w /w h ite  c o lo u r .  The mesocarp a ls o  c o n ta in s  
numerous l i g n i f i e d  v a s c u la r  s t ra n d s .  The spongeyparenchyma c e l ls  
f r e q u e n t ly  c o n ta in  c h a r a c t e r is t ic  c lu s te r s  o f  h e s p e r id in  c r y s ta ls  i n  th e  
shape o f  s p h e r u l i t e s .  The t is s u e  i s  a ls o  p a r t i c u la r l y  r i c h  i n  p e c t in .  
F la ve d o  and a lb e d o  to g e th e r  com prise  th e  re g io n  t h a t  i s  more commonly 
c a l le d  th e  p e e l.
The endocarp  is  th e  e d ib le  p o r t io n  o f  th e  f r u i t  and c o n s is ts  o f  a 
number o f  c a rp e ls  w h ich  a re  s e p a ra te d  by  c a r p e l la r y  w e l ls .  V i t h in  each 
c a rp e l a re  fo u n d  th e  ju ic e  v e s ic le s  o r  sacs and th e  seeds (e x c e p t i n  
c e r ta in  se e d le ss  v a r i e t i e s ) .  The c a r p e l la r y  o r segment w a l ls  c o n ta in  b o th  
m esocarp and endocarp t is s u e s  and t h e i r  c e l ls  may c o n ta in  many c a lc iu m  
o x a la te  and h e s p e r id in  c r y s t a ls .  The ju ic e  sacs c o n s is t  o f  an o u te r  
e p id e rm a l la y e r  w h ich  c o n ta in s  a c u t i c l e .  These e p id e rm a l c e l l s  a re  
lo n g  and ru n  in  th e  d i r e c t io n  o f  th e  ju ic e  sacs. The c e l l s  benea th  t h i s  
e p id e rm is  a re  la rg e  rounded  c e l l s  w h ich  c o n ta in  th e  orange ju ic e  and 
c h ro m o p la s ts . A c c o rd in g  to  D a v is  (1932) th e  c e n t r a l  c e l l s  o f  th e  ju ic e  
sac c o n ta in  o i l  d r o p le ts .  Some o f  th e  subep id e rm a l c e l ls  c o n ta in  c r y s ta ls  
w h ic h  w i l l  be e i t h e r  o f  c a lc iu m  o x a la te  o r h e s p e r id in .
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The f i n a l  a n a to m ic a l e lem ent w h ic h  can he re c o g n is e d  i s  th e  c e n t r a l  
co lum n o r c o re . T h is  t is s u e  i s  com prised  o f  th e  a lbedo  ty p e  o f  c e l l s  w h ich  
fo rm  in t o  d i s t i n c t  v a s c u la r  s tra n d s .
M ost o f  th e  m ic ro s c o p ic a l in v e s t ig a t io n s  w h ich  have been u n d e rta k e n  
to  examine the  p a r t ic le s  i n  orange ju ic e s  and p ro d u c ts  have been p e rfo rm e d  
w i th  th e  a id  o f th e  l i g h t  m ic ro s c o p e . A lth o u g h  th e se  s tu d ie s  have p ro ve d  
m ost u s e fu l ,  th e y  have o f  cou rse  been l im i t e d  by th e  f a c t  t h a t  th e  r e s o lu t io n  
o f  th e  l i g h t  m ic roscope  i s  o f  th e  o rd e r o f  0.2 p. m and th u s  an u n e q u iv o c a b le  
i d e n t i f i c a t i o n  o f  p a r t ic le s  s m a lle r  th a n  0.5 [im becomes d i f f i c u l t ,  and 
p a r t i c le s  s m a lle r  th a n  0 .2  p,m w ou ld  n o t  even be d e te c te d . The e le c t r o n  
m ic roscope  o p e ra t in g  a t  some 100 k v  has a t h e o r e t ic a l  r e s o lu t io n  o f  le s s  
th a n  0.1 nm and a p r a c t i c a l  r e s o lu t io n  o f  b e t te r  th a n  1 nm (Meek, 1970) 0 
The p o t e n t ia l  to  be g a in e d  fro m  exam in ing  c i t r u s  p ro d u c ts  w i th  th e  a id  o f 
th e  e le c t r o n  m ic roscope  has been c le a r ly  dem o n s tra te d  by  M iz ra h i and B e rk  
( 1970) who have shown t h a t  p a r t ic le s  s m a lle r  th a n  0.2 pm may be d e te c te d  in  
th e  c lo u d  fro m  orange ju ic e .  However, t h e i r  s tu d ie s  o n ly  u t i l is e d  one method 
f o r  p re p a r in g  th e  samples and t h a t  was th e  d ry in g  down o f  a suspens io n  o f  
ju ic e  p a r t ic le s  on to  a ca rbon  f i l m  .. on a s u p p o rt g r id .  A lth o u g h  t h i s  i s  
a p e r f e c t l y  v a l i d  te c h n iq u e , i t  can o n ly  y ie ld  a somewhat l im i t e d  amount o f  
in fo rm a t io n  about th e  p a r t ic le s  w h ich  may have a ls o  been s u b je c te d  to  g ross  
d i s t o r t i o n  d u r in g  th e  d ry in g  o p e ra t io n .  A s tu d y  w h ich  a p p lie d  a w id e r  range 
o f  specim en p re p a ra t iv e  p ro ce d u re s  m ig h t have g iv e n  more u s e fu l  in fo r m a t io n .  
Specimen p re p a ra t io n  f o r  E le c t r o n  M ic roscope  
a ) T h in  S e c t io n in g
One o f  th e  m ost w id e ly  adop te d  te c h n iq u e s  f o r  s tu d y in g  th e  s t r u c tu r e  
o f  b io lo g ic a l  specim ens i s  th e  e x a m in a tio n  o f  t l i i n  s e c t io n s  o f  th e  t is s u e .
In  o rd e r  to  p re p a re  s u i ta b le  t h in  s e c t io n s  f o r  e x a m in a tio n  in  th e  e le c t r o n  
m ic roscope  i t  i s  n o rm a lly  n e ce ssa ry  to  embed th e  sample in  a s u p p o r t in g  
medium. P r io r  to  embedding th e  t is s u e  i t  w ou ld  n o rm a lly  he c h e m ic a lly  
f i x e d  in  re a g e n ts  such as b u f fe re d  g lu ta ra ld e h y d e  (S a b a t in i ,  Bensch &
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B a rn e t t ,  1 9 6 3 ), o r  b u f fe re d  osmium te t r o x id e  (P a la d e , 1 9 5 2 ). The f ix e d  
sam ples a re  th e n  d e h yd ra te d  (m ost n o rm a lly  by  p a s s in g  th ro u g h  a g raded 
e th a n o l s e r ie s )  and th e n  i n f i l t r a t e d  w i th  and embedded i n  a s u i ta b le  r e s in .  
Numerous r e s in s  have been proposed  such as A r a ld i t e  (G la u e r t ,  Rogers 
and G la u e r t ,  1956) m e th a c ry la te s  (Newman, B o rysko , S w erd low , 1 9 4 9 ), and 
Epon (P in c k , 1 9 6 0 ), R e s in s  w h ich  have a low  v is c o s i t y  such as M arag las  
(Freem an, S p u r lo c k  1962) and S p u r r 's  r e s in  (Spurr'1969) have been fo u n d  
to  he p a r t i c u la r l y  s u i ta b le  f o r  p la n t  t is s u e .  T h in  s e c t io n s  o f th e  
t is s u e  (some 10 -50  nm t h ic k )  a re  c u t  on an u ltra m ic ro to m a  equ ipped w i th  
e i t h e r  a g la s s  o r  diam ond k n i f e .  The scheme o u t l in e d  above may be re g a rd e d  
as th e  c o n v e n tio n a l approach  to  t h i n  s e c t io n in g ,  and d e p a r tu re s  fro m  t h i s  
app roach  have been suggested  by  s e v e ra l a u th o rs .  Thus, P e te rs o n  &
Pease (1970) u t i l i s e  a m ix tu re  o f a ld e h yd e s  and u re a  as a combined f i x a t i o n ,  
d e h y d ra t io n  and embedding system , w h ic h  th e y  c la im  m in im is e s  th e  lo s s  
o f  l i p i d  m a te r ia l  fro m  th e  t is s u e .  The n e c e s s ity  to  embed in  p la s t i c  
re s in s  can be e lim in a te d  b y  u s in g  th e  c ry o u lt ra m ic ro to m y  methods t h a t  
were in t ro d u c e d  by  B e rnha rd  & Leduc (1 9 6 7 ). Some w o rke rs  (B e rn h a rd ,
1972; B aue r, S in g a r la k ie  1972 and S jo s tro m , 1972) in c o rp o ra te  a l i g h t  
f i x a t i o n  s te p  p r i o r  to  f r e e z in g  and s e c t io n in g  th e  t is s u e .  W h ils t  A p p le to n  
(1972) and C h r is te n s e n  (1969) do n o t  even f i x  th e  t is s u e  h u t s o le ly  fre e z e  
th e  sample and th e n  c u t s e c t io n s .  The r e s u l t s  o b ta in e d  to  d a te  fro m  
c y ro u lt ra m ic ro to m y  have been l im i t e d  to  s tu d ie s  on a n im a l t is s u e s  o r  y e a s t 
and a lth o u g h  th e y  a re  v e ry  in t e r e s t in g  and show g re a t  p rom ise  i t  i s  a l le g e d ly  
a v e ry  d i f f i c u l t  te c h n iq u e  w h ich  i s  s t i l l  i n  i t s  in fa n c y ,  
fa) F reeze  e tc h in g
The t r a d i t i o n a l  t h in  s e c t io n in g  method may be c r i t i c i s e d  as s u b je c t in g  
t is s u e s  to  a v a r ie t y  o f  d r a s t ic  ch e m ica l p re tre a tm e n ts ,  w h ich  may 
s i g n i f i c a n t l y  a l t e r  th e  t r u e  c e l l u l a r  s t r u c tu r e .  The c ryo m ic ro to m y  te c h n iq u e s  
endeavour to  m in im is e  the  ch e m ica l p re tre a tm e n t as does th e  fre e z e  e tc h in g  
te c h n iq u e  w h ich  was in tro d u c e d  by S te e re  (1 9 5 7 )*  T h is  p ro ce d u re  in v o lv e s  
th e  r a p id  snap f r e e z in g  o f a sample i n  a c o o la n t such as l i q u i d  F reon  to
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*~150°C. The sample i s  th e n  f r a c tu r e d ,  perhaps s u b je c te d  to  an e tc h in g  
s ta g e , and th e n  a r e p l ic a  o f  t h i s  f r e s h ly  exposed s u r fa c e  i s  p re p a re d .
The f r a c t u r in g ,  e tc h in g  and r e p l i c a t io n  s tages a re  c a r r ie d  o u t unde r 
vacuum in  a m o d if ie d  vacuum c o a t in g  a p p a ra tu s , and th e  f i r s t  c o m m e rc ia lly  
a v a i la b le  freeze  e tc h  m achines were based on the  w ork  o f Moor e t  a l  (1 9 6 1 ).
A lth o u g h , th e  ch e m ica l p re tre a tm e n ts  a re  m in im is e d  in  fre e z e  e tc h in g ,  
th e  te c h n iq u e  i s  n o t c o m p le te ly  f r e e  o f  a r t i f a c t s ,  and th e se  f a l l  in t o  
th re e  b road  c a te g o r ie s .  F i r s t l y ,  damage due to  ic e  c r y s ta l  fo rm a t io n  
d u r in g  th e  f r e e z in g  s tage  (M oor, 1 9 6 4 ). S e co n d ly , s t r u c t u r a l  changes 
may he b ro u g h t a b o u t by  d e fo rm a tio n  o f  th e  sample d u r in g  th e  f r a c t u r in g  
p ro ce ss  (C la rk ,  B ra n to n , 1968, D un lop  and R obards, 1 9 7 2 ). T h i r d ly ,  changes 
in  th e  appearance o f  th e  sam ple s u r fa c e  caused by  d e p o s it io n  o f  co n ta m in a n ts  
fro m  th e  vacuum system  (D ream er, L e o n a rd , T a rd ie n  and B ra n to n , 1970;
S ta e h l in  and B e rta u d , 1 9 7 1 ).
The p ro b le m  o f ic e  c r y s t a l  fo rm a t io n  can he m in im is e d  by  a d o p tin g  two 
approaches to  specim en p re p a ra t io n .  I n  many in s ta n c e s  th e  sam ple,m ay be 
p re t r e a te d  w i th  an a n t i f r e e z e  o r c ry o p ro te c ta n t  p r i o r  t o  th e  f r e e z in g  
s te p . S e v e ra l c ry o p ro te c ta n ts  have been p roposed , o f w h ic h  g ly c e r o l  and 
e th y le n e  g ly c o l  a re  th e  m ost w id e ly  adop ted  (M oor, 1964; M oor, 1 9 6 9 ), 
and b o th  o f  th e s e  system s m in im is e  th e  g ro w th  o f ic e  c r y s ta ls .  The second 
app roach  in v o lv e s  in c re a s in g  th e  r a te  o f  f r e e z in g  o f  th e  sam ple , so t h a t  
a g a in  ic e  c r y s ta l  g ro w th  w i l l  be m in im is e d . R ie le  (1968) has sh o rn  th a t  
h ig h  p re s s u re  f r e e z in g  o f  v e r y  s m a ll samples v i r t u a l l y  c o m p le te ly  e l im in a te s  
ic e  damage, b u t  th e  te c h n iq u e  i s  d i f f i c u l t  and a t  p re s e n t beyond the  
scope o f  a l l  b u t  a w e l l  equ ipped  c ry o g e n ic s  la b o r a to r y .  An in c re a s e d  
r a te  o f  f r e e z in g  may a ls o  he a c h ie v e d  by f r e e z in g  v e r y  s m a ll samples o f 
th e  t is s u e ,  and te c h n iq u e s  f o r  r a p id ly  f r e e z in g  s m a ll d r o p le ts  o f  a t is s u e
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su sp e n s io n  have been d eve lop ed  by  Bachmann and S c h m itt (1 9 7 1 ), and Buchheim 
(1 9 7 2 ), Even so , d e s p ite  the  methods l i s t e d  above some samples a re  s t i i l  
v e ry  p rone to  damage by  ic e  fo rm a t io n ,  and c o n s id e ra b le  a t t e n t io n  must 
be p a id  to  t h i s  p o s s i b i l i t y  when in t e r p r e t in g  th e  r e s u l t s  o b ta in e d  fro m  
fre e z e  e tc h in g .
The d e fo rm a tio n  o f  th e  specim en d u r in g  th e  f r a c t u r in g  p rocess  i s  
a p ro b le m  w h ich  canno t be r e a d i l y  overcom e, B u t in  many cases th e  
appearance o f  th e  r e p l ic a  o f  th e  sample in d ic a te s  th a t  some d e fo rm a tio n  
has o c c u rre d .
The t h i r d  p ro b le m  o f  th e  d e p o s it io n  o f  co n ta m in a n ts  on th e  sample 
s u r fa c e , w h ich  may be s u b s e q u e n tly  in te r p r e te d  as b e in g  th e  genu ine, 
s t r u c tu r e  o f  th e  sam ple , can he a l le v ia t e d  by  e n s u r in g  th a t  th e  vacuum 
system  i s  p e r f e c t ly  c le a n  and a d o p tin g  th e  recommended m e thodo logy  to  
m in im is e  such c o n ta m in a t io n  (Dreamer e t a l  1 9 7 0 ).
The fre e z e  e tc h in g  te c h n iq u e  i s  b e in g  u t i l i s e d  to  b o th  complement and 
i n  many in s ta n c e s  supercede t h in  s e c t io n in g .  I t  i s  b e in g  used to  s tu d y  
p la n t  t is s u e s  (Moor & M u li le th a le r , 1963, N o rth c o te  & L e w is , 1968, R obards, 
A u s t in  & P a r is h  (1 9 7 0 ), I t  i s  an id e a l  te c h n iq u e  f o r  s tu d y in g  membrane 
s t r u c tu re s (S . ta e h l in  1968; Dreamer e t  a l  1970; W e in s te in  & M cN u tt, 1 9 7 0 ). 
F reeze  e tc h in g  i s  a ls o  b e in g  w id e ly  adop ted  to  s tu d y  p a r t ic u la t e  suspens ions 
o f  v i r u s  (Abram & D a v is , 1970; N erm ut & F ra n k , 1971) b a c te r ia  and y e a s t 
(Moor & M u h le th a le r ,  1963; Bayer & Remsen, 1970) and non b io lo g ic a l  
p o lym e rs  (Reed & B a r lo w , 1971 and D un lop  and R obards, 1 9 7 2 ).
c) N e g a tiv e  S ta in in g
The t h i r d  m a jo r p re p a ra t iv e  te c h n iq u e  w h ich  i s  used f o r  th e  e x a m in a tio n  
o f  b io lo g ic a l  t is s u e s  by  t ra n s m is s io n  e le c t r o n  m ic ro sco p y  i s  th e  n e g a t iv e
s ta in in g  p ro ce ch ire , in tro d u c e d  by  B renner and Horne (1 9 5 9 ). The te c h n iq u e  
in v o lv e s  p re p a r in g  a suspens io n  o f  th e  sample i n  a s o lu t io n  o f an e le c t r o n  
opaque s a l t ,  such as a p h o s p h o tu n g s tic  a c id ,  A d rop  o f  t h i s  suspens ion  
i s  th e n  d r ie d  on to  an e le c t r o n  m ic roscope  g r id  t h a t  i s  covered  w ith  a 
t h in  f i lm  o f  ca rbon  o r j j l a s t i c .  M ien t h i s  g r id  i s  v iew ed  in  th e  e le c t r o n  
m ic ro sco p e  th e  p a r t i c le s  o f  th e  sample are re n d e re d  v i s i b l e  by t h e i r  
c o n t r a s t  a g a in s t  th e  s u rro u n d in g  e le c t r o n  opaque s a l t .  I n  a d d i t io n  to  
p h o s p h o tu n g s ta te  s e v e ra l o th e r  s a l t s  may be u t i l i s e d ,  th e se  in c lu d e  
ammonium m o lyb d a te , s i l v e r  n i t r a t e ,  sodium  tu n g s ta te  and u ra n y l a c e ta te  o r 
n i t r a t e  (V a le n t in e  and H orne, 1 9 6 2 ),
The n e g a t iv e  s ta in in g  te c h n iq u e  has th e  advantage over b o th  t h in  
s e c t io n in g  and fre e z e  e tc h in g ,  t h a t  w i th  s u i ta b le  specim ens v e ry  f in e  
s t r u c t u r a l  r e s o lu t io n  can be a c h ie v e d . W ith  t h in  s e c t io n s  i t  i s  v e ry  
d i f f i c u l t  to  o b ta in  r e s o lu t io n  o f b e t t e r  th a n  abo u t 5 nia , F reeze  e tc h in g  
im proves  on t h i s  f ig u r e  and can y ie ld  r e s o lu t io n  down to  a b o u t 2 nm } b u t 
a t  t h i s  le v e l  th e  s iz e  o f  th e  g r a in  o f th e  heavy m e ta l used t o  p re p a re  th e  
r e p l ic a  becomes a l im i t i n g  f a c t o r .  However, w i th  n e g a t iv e  s ta in in g  i t  i s  
p o s s ib le  to  a c h ie v e  r e s o lu t io n  o f  th e  o rd e r  o f  I nm.
A w ide  number o f  m a te r ia ls  have been s tu d ie d  by  n e g a t iv e  s ta in in g ,  and 
o f  th e se  p ro b a b ly  one o f  th e  m ost s ig n i f i c a n t  a p p l ic a t io n s  has been in  
th e  f i e l d  o f  v i r o lo g y  (Horne and W ild e y  1963, Nerm ut 1 9 7 2 ). Here i t  has 
been used b o th  to  e lu c id a te  s t r u c tu r e  and as a d ia g n o s t ic  aid<»
O th e r system s w h ich  have been s tu d ie d  have in c lu d e d  b a c te r ia  (G lau e r t ,  
K e r r id g e  and H orne, 1963) sub c e l l u l a r  o rg a n e lle s  (G ray and W h it ta k e r ,  1960) 
and is o la te d  p r o te in  m o le cu le s  fro m  sources such as m uscle  (H u x le y , 1963) 
o r  c o lla g e n  (Hodge & S c h m it t ,  I9 6 0 ) ,  On th e  b o ta n ic a l s id e  c e l lu lo s e  
f ib r e s  is o la te d  fro m  th e  c e l l  w a l l  were s tu d ie d  by  Heyn (1966, 1 9 6 9 ).
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Q u a n t i ta t iv e  in fo rm a t io n  c o n c e rn in g  th e  number o f  p a r t ic le s  p re s e n t in  
a t e s t  suspens io n  can he e lu c id a te d  by  th e  in c o r p o r a t io n  o f  a known con­
c e n t r a t io n  o f  m arke r p a r t i c le s  such as la te x  (W atson, R u s s e ll and W ild y ;  
1963; Monroe and B ra n d t,  1 9 7 0 ).
d) S cann ing  E le c t ro n  M ic ro s c o p y
I n  a d d i t io n  to  th e  r e s u l t s  o b ta in e d  by  th e  e x a m in a tio n  o f  m a te r ia ls  
w i t h  th e  t ra n s m is s io n  e le c t r o n  m ic ro s c o p e , c o n s id e ra b le  in fo rm a t io n  can be 
g le a n e d  b y  exam in ing  th e  s u r fa c e s  o f  th e  sample w i th  th e  scann ing  e le c t r o n  
m ic ro s c o p e . I n  c o n v e n tio n a l sca n n in g  m ic roscopes  i t  i s  n o rm a lly  a pre­
r e q u is i t e  t h a t  th e  specim en i s  c o m p le te ly  d ry  and co a te d  w i th  a t h in  
c o n d u c tin g  la y e r  o f  a m e ta l such as g o ld  o r s i l v e r .  F o r many b io lo g ic a l  
specim ens th e  r ig o u rs  o f  th e  d r y in g  and m e ta l c o a t in g  u n d e r vacuum can 
r e s u l t  i n  c o lla p s e  and d i s t o r t i o n  o f  th e  c e l l u la r  s t r u c tu r e .  W ith  some 
specim ens th e  damage caused b y  th e  d ry in g  s tage  can he m in im is e d  by 
u s in g  th e  c r i t i c a l  p o in t  m ethod o f  f re e z e  d r y in g  (R obards , C rosby &
S h a rpe r 1 9 7 4 ). The f a i r l y  re c e n t deve lopm ent o f  f r e e z in g  s ta g e s  to  be 
used on sca n n in g  e le c t r o n  m ic ro sco p e s  has shown th a t  some b io lo g ic a l  
m a te r ia ls  can be exam ined a f t e r  m e re ly  r a p id ly  f r e e z in g  th e  sample 
(N e i e~k j 1972 ) and t h a t  t is s u e  p re s e rv a t io n  i s  good.
E le c t r o n  M ic ro s c o p y  a p p lie d  to  F o o d s tu f fs
The a p p l ic a t io n  o f  such e le c t r o n  m ic ro sco p y  te c h n iq u e s  to  s tu d y  
sam ples o f  f o o d s tu f f s  has o n ly  been p ra c t is e d  on a somewhat l im i t e d  
b a s is ,  so t h a t  th e  l i t e r a t u r e  on th e  s t r u c tu r e  o f  fo o d  m a te r ia ls  i s  
somewhat s p a rse .
The appearance o f  meat has been d e s c r ib e d  b y , amongst o th e rs  
V o y le  (1969) Davey and D ickso n  (1970) and th e  changes p roduced  in  meat 
s t r u c tu r e  by  c u r in g  w i th  s a l t  has been d is c u s s e d  by Lew is  and J e w e ll 
(1 9 7 2 ). A w ide  number o f  fo o d s  t h a t  c o n ta in  a r e l a t i v e l y  h ig h  p e rce n ta g e
o f  l i p i d  have been s tu d ie d ,  and these have in c lu d e d  cheese (Reed, 1 9 6 9 ),
cx_
b u t te r  (W ortmann, 1 9 6 5 ), c h o c o la te  ( J e w e ll ,  1972^, ic e  cream (B e rg e r, 
B u ll im o re ,  W h ite  and W r ig h t ,  1972) m i lk  ( Buchheim, 1969) and o th e r  
v e g e ta b le  o r a n im a l f a t s  (J e w e ll and M eara, 1 9 7 0 ). On th e  b o ta n ic a l s id e  
th e  s t r u c t u r a l  changes p roduced  d u r in g  th e  f r e e z in g  o f  v e g e ta b le s  has been 
d is c u s s e d  by  (B a s s i & C r i v e l l i ,  1968, 1 9 6 9 ), and th e  s t r u c tu r e  o f  p ic k le d  
v e g e ta b le s  such as c a u l i f lo w e r  was d e s c r ib e d  by  S ax ton  and J e w e ll (1969) 
and o f  on io n s  by  J e w e ll (1 9 7 2 ). S e v e ra l a u th o rs  have d e s c r ib e d  th eA
s t r u c tu r e  o f  s ta rc h  g ra n u le s ,  as seen b y  e le c t r o n  m ic ro s c o p y  te c h n iq u e s , 
b o th  b e fo re  and a f t e r  p ro c e s s in g  svicli as l i n t n e r i s a t i o n  ( S te r l in g  &
S p i t ,  1958, Leonard  & S t e r l in g ,  1 9 7 2 ),
O b je c t iv e  o f  R esearch
F in a l l y ,  i t  i s  a te c h n o lo g ic a l o b s e rv a t io n  th a t  orange ju ic e s  p roduced  
fro m  d i f f e r e n t  g e o g ra p h ic a l lo c a t io n s ,  o r from  th e  same a rea  h u t p rocessed  
u s in g  d i f f e r e n t  equ ipm en t, f r e q u e n t ly  g iv e  r i s e  to  p ro d u c ts  w h ich  e x h ib i t  
marked d i f fe re n c e s  i n  c lo u d  le v e l .  The m a n u fa c tu re rs  do n o t u n d e rs ta n d  
a l l  th e  fa c to r s  w h ich  c o n t r o l  th e  c lo u d  le v e l  w i t h in  th e  ju ic e .  T h e re fo re  
i t  was co n s id e re d  p e r t in e n t  to  u n d e rta k e  a more th o ro u g h  in v e s t ig a t io n  
in t o  th e  n a tu re  o f th e  p a r t ic le s  in  orange ju ic e ,  u s in g  a w ide  range o f  
e le c t r o n  m ic ro sco p y  te c h n iq u e s .
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MATERIALS AND METHODS
Two c u l t i v a r s  o f o ranges and a range o f  ju ic e s ,  bases and 
p ro d u c ts  have been exam ined d u r in g  th e  course  o f  t h is  in v e s t ig a t io n .  
The oranges were pu rchased  from  a lo c a l  f r u i t e r e r s  and th e  o b se rva ­
t io n s  were made on e i t h e r  S pan ish  N a v e l's  o r  I s r a e l i  J a f f a 's .  The 
ju ic e s ,  bases and p ro d u c ts  were o b ta in e d  fro m  s e v e ra l com m erc ia l 
s o u rc e s . The ju ic e s  a re  c la s s i f ie d  a c c o rd in g  to  t h e i r  c o u n try  o f 
o r ig in  and t h e i r  s o lu b le  s o l id s  c o n te n t .  The s o lu b le  s o l id s  are  
exp ressed  as degrees B r ix ,  where a 10% w /v  aqueous s o lu t io n  o f 
sucrose  w ou ld  be 10° B r i x .  The fo l lo w in g  range o f  sam ples has been 
exam ined
Ju ic e s
(a ) I s r a e l i 1 1 ° B r ix .
(b ) I s r a e l i 44° B r ix .
(c ) I s r a e l i 66°  B r ix . (S u p p lie r 1 )
(d ) I s r a e l i 66° B r ix . (S u p p lie r 2 )
(e ) S pan ish  55° B r ix .
( f ) South A f r ic a n  66° B r i x .
Bases
(a ) S pan ish  200%.
(b ) S pan ish  30° B r ix .
(c ) I s r a e l i 30° B r i x . (S u p p lie r 1 )
(d ) I s r a e l i 30° B r ix . (S u p p lie r 2 )
(e ) I s r a e l i 30° B r i x . (S u p p lie r 3)
P ro d u c ts
The p ro d u c ts  had been p re p a re d  u s in g  th e  fo l lo w in g  bases
(a
(b
(c
(d
(e
(f
A m ix tu re  o f  I s r a e l i  H igh  and Low c lo u d  bases.
An I s r a e l i  H ig h  C loud  base (used in  ( a ) ) .
An I s r a e l i  Low C loud base (used in  ( a ) ) .
A S pan ish  Low C loud base .
An I t a l i a n  Low C loud base .
A p ro d u c t c o n ta in in g  a B lend  o f  S pan ish  and I s r a e l i  bases
The e xa c t fo r m u la t io n  o f  th e  p ro d u c ts  was n o t d is c lo s e d ,  b u t 
a g e n e ra l re c ip e  w h ich  c o u ld  be used to  produce a p ro d u c t is  g iv e n  
in  A ppend ix  I .
In  a d d i t io n  a l im i t e d  range o f  lemon ju ic e s  has a ls o  been 
exam ined.
(a ) H igh  C loud S i c i l i a n  400 . (1972 s e a so n .)
(b ) Norm al S i c i l i a n  400.
(c ) New H ig h  C loud S i c i l i a n  400.
(d ) H igh C loud S i c i l i a n  400 . (1973 s e a so n .)
I s o la t io n  o f  J u ic e  fro m  F resh  F r u i t
F resh  f r u i t  were c u t in  h a l f  in  a p la n e  a t  r i g h t  a n g le s  to  the  
c e n t r a l  c o re , th e n  each h a l f  was hand reamed on a k i tc h e n  ty p e  f r u i t  
ream er. The l ib e r a te d  ju ic e  was th e n  f i l t e r e d  th ro u g h  a n y lo n  
s ie v e  (lmm square mesh) and th e  f i l t r a t e  re ta in e d  f o r  use .
An a l t e r n a t iv e  method o f  o b ta in in g  ju ic e  in v o lv e d  th e  w ith d ra w a l 
o f  th e  ju ic e  fro m  in d iv id u a l  ju ic e  sacs u s in g  a s y r in g e .  The f r u i t  
was f i r s t  p e e le d  and th e n  th e  segments se p a ra te d  to  expose th e  ju ic e  
sa cs . A s m a ll n e e d le  f i t t e d  to  a s y r in g e  was th e n  c a r e f u l l y  in s e r te d  
in t o  th e  ju ic e  sac and th e  c o n te n ts  o f  th e  sac w ith d ra w n  and re ta in e d  
f o r  u se .
M ic ro s c o p y  Methods
( l )  L ig h t  M ic ro sco p y
(a ) F resh  T issu e
The v a r io u s  a n a to m ic a l e lem ents o f  th e  oranges were d is s e c te d  
o u t and p la c e d  in  fo rm a l in ,  a c e t ic  a c id ,  a lc o h o l f i x a t i v e  (F .A .A .
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70% a lc o h o l 90m l, g la c ia l  a c e t ic  a c id  5m l, fo rm a l in  5m l) f o r  24 l i r s . 
The f ix e d  t is s u e  was e i t h e r  d e h y d ra te d  by p a s s in g  th ro u g h  a g raded 
e th a n o l s e r ie s  and embedded in  p a r a f f in  wax, o r q u ic k  f ro z e n  in  
l i q u id  n i t r o g e n  p r i o r  to  c u t t in g  f ro z e n  s e c t io n s .  The t is s u e  
embedded in  wax was s e c t io n e d  a t  8 -  10p  m u s in g  a R e ic h e r t  S ledge 
Type m ic ro to m e . The s e c t io n s  were h a rv e s te d  o n to  s l id e s ,  and th e n  
th e  wax was removed w i th  x y le n e .  The f ro z e n  t is s u e s  were s e c tio n e d  
u s in g  a S lee  Pearse C ry o s ta t  o p e ra t in g  a t  -25°C  and s e c t io n s  o f  
8 -  lO p  m were a g a in  c o l le c te d  on to  g la s s  s l id e s .
The s e c t io n s  were s ta in e d  w i th  S a fra n in  (l%  S a fra n in  in  95% 
a lc o h o l)  f o r  2 h r s ,  and f a s t  g reen  (l%  aqueous f o r  5 m in s . and th e n  
v iew ed  w ith  b r ig h t  f i e l d  i l l u m in a t io n .  P ho tom ic rog ra phs  were p re ­
pa red  on I l f o r d  FP4 f i l m  w h ich  was deve lop ed  in  P ro m ic ro l,  o r  u s in g  
Kodak Ektachrom e c o lo u r  f i l m .
Some o f  th e  s e c t io n s  were exam ined w ith o u t  s ta in in g  b u t v is ing  
e i t h e r  phase c o n t r a s t  o r  p o la r is e d  l i g h t  fo rm s o f  i l lu m in a t io n .
(b ) J u ic e s ,  Bases and P ro d u c ts
These m a te r ia ls  were examined by  p la c in g  a d ro p  o f  the  s o lu t io n  
on a g la s s  s l id e ,  c o v e r in g  w i th  a co ve r s l i p  and v ie w in g  w ith  e i t h e r  
phase c o n t r a s t  o r  p o la r is e d  l i g h t .
P r io r  to  e x a m in a tio n  th e  ju ic e s  and bases were n o rm a lly  d i lu t e d  
w i th  d i s t i l l e d  w a te r  to  g iv e  a s o lu t io n  e q u iv a le n t  to  th a t  o f  s in g le  
s t r e n g th  orange ju ic e ,  i . e .  1 1 ° B r ix .  The d i lu t e d  m a te r ia ls  were 
th e n  c e n t r i fu g e d  a t  360xg f o r  10 m ins in  o rd e r to  a c h ie ve  a degree 
o f  f r a c t io n a t io n  (Resch and S cha ra , 1 9 7 0 ). D u r in g  th e  course  o f  
t h is  in v e s t ig a t io n  o th e r  le v e ls  o f  c e n t r i fu g a t io n  were te s te d  to  see
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i f  360xgwas th e  optimum fo rc e  f o r  s e p a ra t in g  coarse  p a r t i c le s .  The 
d e t a i ls  a re  in c lu d e d  in  A ppend ix  I I ,  b u t  i t  was conc lude d  t h a t  360xg 
was p ro b a b ly  optimum and a ls o  had th e  advantage o f  b e in g  th e  method 
most w id e ly  a p p lie d  in  th e  l i t e r a t u r e .
(2 ) E le c t r o n  M ic ro s c o p y
D u rin g  t h is  s tu d y  th re e  p re p a ra t iv e  m ethods, f o r  t ra n s m is s io n  
e le c t r o n  m ic ro s c o p y , have been u t i l i s e d ;  th e y  have been t h i n  s e c t io n ­
in g ,  n e g a tiv e  s ta in in g  and fre e z e  e tc h in g ..
(a ) T h in  S e c t io n in g
In  o rd e r  to  be a b le  to  embed and t h i n  s e c t io n  th e  ju ic e s ,  bases 
and p ro d u c ts ,  i t  was f i r s t  n e ce ssa ry  to  e n ca p su la te  them in  aga r 
u s in g  th e  method in tro d u c e d  b y  S a ly a e v (1968 ). T h is  method in v o lv e s  
p a r t i a l l y  f i l l i n g  a p a s te u r  p ip p e t te  w i th  th e  t e s t  l i q u id  ( ju ic e ,  
base o r p ro d u c t)  and th e n  d ip p in g  th e  c a p i l l a r y  end ( l . 5mm d ia m .) o f 
th e  p ip p e t te  in to  a warm s o lu t io n  o f  aqueous aga r (3$ w /v )  to  a d e p th  
o f  a p p ro x im a te ly  1cm. The p ip e t te  is  th e n  w ith d ra w n  fro m  th e  a g a r, 
and th e  a d h e r in g  aga r a llo w e d  to  s e t  around th e  c a p i l l a r y  tu b e . By 
c a r e fu l  m a n ip u la t io n  o f  t h i s  s e t ag a r between the  fo r e  f in g e r  and 
thum b, th e  aga r can be r o l le d  n e a r ly  o f f  th e  c a p i l l a r y  tu b e  so th a t  
i t  fo rm s an agar c y l in d e r  b u t is  s t i l l  a t ta c h e d  to  th e  end o f  th e  
c a p i l l a r y  tube  (see F ig .  3 ) .  The t e s t  l i q u id  can th e n  be d ispense d  
fro m  th e  p ip e t te  to  f i l l  th e  aga r c y l in d e r .  The c y l in d e r  is  th e n  
c a r e f u l l y  removed fro m  th e  c a p i l la r y  tu b e  and th e  open end se a le d  
w i th  a d ro p  o f  m o lte n  a g a r. T h is  p ro ce d u re  y ie ld s  s m a ll capsu les  
o f  aga r c o n ta in in g  th e  t e s t  l i q u id .
The a n a to m ic a l e lem ents o f  th e  f r u i t  were s l ic e d  in t o  cubes o f  
le s s  th a n  lmm d im e n s io n s , w i th  th e  e x c e p tio n  o f th e  ju ic e  sacs w h ich
• - 40 -
- 41 -
a. P asteu r  p ip ette  fu ll of j u ic e  d ip p ed  in m o lten  a g a r
b. P ip e tte  rem o v ed  and agar a l lo w e d  to s e t  .
c. M icro ca p su le  m a n ip u la ted  off p ip e tte  by u s e  of f in g e r  and  
th u m b . The m ic r o c a p su le  is f i l le d  by d is c h a r g e  fr o m  th e  
p ip e tte . Then fu lly , rem o v ed  an d  s e a le d  w i t h  a g a r .
Fig.  3. S c h e m a t i c  r e p r e s e n t a t i o n  o f  t h e  p r e p a r a t i o n  o f  a g a r
m i c r o c a p s u l e s  a c c o r d i n g  to t h e  m e t h o d  o f  S a l y a e v  (1968)
were e i t h e r  k e p t i n t a c t  o r  were em p tied  by p ie r c in g  w i th  a n e e d le . 
These a n a to m ic a l e lem en ts  and th e  f i l l e d  aga r capsu les  were th e n  
f ix e d  in  phosphate  b u f fe re d  3% ( v / v ) ,  g lu ta ra ld e h y d e  pH 7 .2  f o r  
4 h rs  a t  44°C (S a b a t in i ,  Bensch & B a r n e t t ,  1963 ), r in s e d  in  d i s t i l l e d  
w a te r  and th e n  p o s t f ix e d  in  osmium te t r o x id e  s o lu t io n  pH 7 .2  f o r  
24 h rs  a t  +4°C (P a la d e , 1 9 5 2 ). The f ix e d  m a te r ia l  was th e n  r in s e d  
in  d i s t i l l e d  w a te r  and d e h yd ra te d  by  p a s s in g  i t  th ro u g h  a graded 
e th a n o l s e r ie s  (20 to  100% e th a n o l) .  The d e h yd ra te d  samples were 
th e n  i n f i l t r a t e d  w ith  and embedded in  e i t h e r  a m ix tu re  o f  m e th y l and 
b u ty l  m e th a c ry la te  (5 0 :5 0  v / v )  o r M arag las  (Freeman & S p u r lo c k , 19 6 2 ). 
The m e th a c ry la te  r e s in  was p o ly m e r is e d  a t  40°C f o r  24 h rs  and th e  
M arag las  a t  60°C f o r  24 h r s .
The embedded m a te r ia l  was s e c t io n e d  u s in g  a Cambridge H u x le y  
Mk I  u ltra m ic ro to m e  equ ipp ed  w ith  a g la s s  k n i f e .  The s e c t io n s  w h ich  
were some 50 — 80 nm t h i c k ,  were h a rv e s te d  onto  c o l lo d io n  covered
100 mesh copper e le c t r o n  m ic roscope  g r id s .  The method o f c o v e r in g  
th e  g r id s  i s  d e s c r ib e d  in  A p p e n d ix  3 . The s e c t io n s  were e i t h e r  
v iew ed u n s ta in e d  o r  a f t e r  s ta in in g  w ith  aqueous u ra n y l a c e ta te  
(l%  w /v )  and le a d  c i t r a t e  (R e yn o ld s , 1 9 6 3 ).
(b ) N e g a tiv e  S ta in in g
A range o f  n e g a tiv e  s ta in s  were in v e s t ig a te d  i n i t i a l l y  to  
d e te rm in e  w h ic h  s ta in in g  age n t and c o n d it io n s  appeared to  g iv e  th e  
optimum in fo r m a t io n .  The s ta in s  w h ic h  were e v a lu a te d  were as fo l lo w s
(a )  2% aqueous p h o s p h o tu n g s tic  a c id  (PTA) a t  pH 1 .0
(b ) 2% aqueous PTA a t  pH 5 .0  (a d ju s te d  w ith  sodium  
h y d ro x id e  s o lu t io n  ( IN ) ) .
(c )  2% aqueous PTA pH 7 .0  (N e u tra lis e d  w i th  sodium
h y d ro x id e  ( lN ) ) .
- 42 -
- 43 -
(a) 2$ aqueous u ra n y l a c e ta te  pH 6 .0 .
(e ) 2$ aqueous ammonium m o lybda te  pH 6 .0 .
A s ta n d a rd  p ro ce d u re  f o r  n e g a t iv e  s ta in in g  has been u t i l i s e d  
th ro u g h o u t t h is  in v e s t ig a t io n .  To 1 m l o f  th e  su sp e n s io n  under 
e x a m in a tio n  was added 1 m l o f  th e  a p p ro p r ia te  n e g a tiv e  s t a in ,  and 
to  t h is  was th e n  added 0.5 m l o f  an aqueous suspens io n  o f  p o ly s ty re n e  
la te x  spheres o f  0.375^1 m d ia m e te r .  These s o lu t io n s  were th e n  m ixed 
and a d ro p  o f  th e  s o lu t io n  p la ce d  on a c o l lo d io n  cove red  100 mesh 
coppe r e le c t r o n  m ic roscope  g r id .  The excess f l u i d  was d ra in e d  away 
w i t h  a f i l t e r  pape r and th e n  th e  g r id  a llo w e d  to  d r y ,  b e fo re  v ie w in g  
in  th e  e le c t r o n  m ic ro sco p e .
( c ) F reeze E tc h in g
The ju ic e s ,  bases and p ro d u c ts  were examined by  fre e z e  e tc h in g .  
The s in g le  s t re n g th  ju ic e s  (11° B r ix )  and th e  p ro d u c ts  were t r e a te d  
w i t h  g ly c e r o l  p r io r  to  fre e z e  e tc h in g ,  t h i s  was a ch ie ve d  by making 
th e  sample 30$  w i th  re s p e c t to  g ly c e r o l .  The c o n c e n tra te d  bases and 
ju ic e s  were n o t t r e a te d  w i th  g ly c e r o l .
The sam ples were p re p a re d  by p la c in g  a s m a ll d ro p  ’ (2mm d ia m e te r)  
o f  th e  t e s t  s o lu t io n  on a f r e s h ly  fo rm ed and c leaned  copper fre e z e  
e tc h in g  s tu b . The s tu b  and sample were th e n  r a p id ly  co o le d  by 
p lu n g in g  in to  l i q u id  F reon  12 a t  -1 5 0 °C . The stubs were th e n  t r a n s ­
fe r r e d  to  l i q u id  n i t r o g e n  and s to re d  u n t i l  re q u ire d ,  t h is  s to ra g e  
p e r io d  d id  n o t n o rm a lly  exceed 2 h r s .
A fro z e n  s tu b  was p la c e d  on th e  s tage  o f  th e  NGN FE 600 fre e z e
e tc h in g  m ach ine , the  s ta g e  had been p re c o o le d  to  —140°C. A vacuum
—6was th e n  drawn and when a p re s s u re  o f  2 x  10 t o r r  had been a c h ie v e d ,
th e  sample was warmed to  -1 0 0 °C . The sample was th e n  p la n e d  and 
f r a c tu r e d  u s in g  a m ic ro tom e  k n i f e  w h ich  had been co o le d  to  ~190°C. 
F o llo w in g  th e  f r a c tu r e  o f  th e  sample th e  k n i fe  was k e p t p o s it io n e d  
im m e d ia te ly  above th e  sample in  o rd e r  f o r  e tc h in g  o f  th e  s u r fa c e  to  
o c c u r . E tc h in g  was p e rfo rm e d  f o r  p e r io d s  o f  between 2 and 6 
m in u te s . A f t e r  th e  e tc h in g  s ta g e , th e  k n i fe  was removed from  th e  
p o s i t io n  above th e  sample s u r fa c e .  A ca rbon p la t in u m  r e p l ic a  o f  
th e  f r e s h ly  f r a c tu r e d  and e tched  s u r fa c e  was p re p a re d  by  e v a p o ra t in g  
a la y e r  o f  ca rbon p la t in u m  onto  th e  s u r fa c e  fro m  an a n g le  o f  
a p p ro x im a te ly  45° to  th e  s u r fa c e  o f th e  sam ple . The carbon 
p la t in u m  la y e r  was th e n  s tre n g th e n e d  by e v a p o ra tin g  a la y e r  o f  
ca rbon on to  th e  s u r fa c e  o f  th e  sam p le .
The s tu b  was th e n  removed fro m  th e  fre e z e  e tc h  u n i t  and 
immersed in  w a te r  to  re le a s e  th e  r e p l ic a  fro m  th e  sam ple . The 
r e p l ic a  was th e n  c le a n e d  by  p a s s in g  i t  th ro u g h  a s e r ie s  o f  g raded 
h y d r o c h lo r ic  a c id  s o lu t io n s  ( 30, 70 and 100# )  f o r  \  hou r in  each 
s o lu t io n .  The r e p l ic a  was f i n a l l y  r in s e d  in  d i s t i l l e d  w a te r  and 
p ic k e d  up on to  a copper e le c t r o n  m ic roscope  g r id .
A l l  o f  th e  sam ples p re p a re d  f o r  t ra n s m is s io n  e le c t r o n  m ic ro sco p y  
were examined w i t h  an H i ta c h i  HS-7S e le c t r o n  m ic roscope  o p e ra t in g  
a t  50 K v, images were re c o rd e d  on I l f o r d  N50 e m u ls io n , w h ic h  was 
d eve lop ed  in  T e kn o l d e v e lo p e r .
(d ) S cann ing  E le c t r o n  M ic ro sco p y
Some samples o f  ju ic e  sacs and some o f  th e  m a te r ia !  is o la te d  
fro m  th e  c lo u d  were examined u s in g  th e  sca n n in g  e le c t ro n  m ic ro sco p e . 
The samples were fre e z e  d r ie d  o n to  Cam bridge p a t te r n  s tu b s  and
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r o t a r y  co a te d  w i th  a la y e r  o f  p a lla d iu m  o r ca rb o n , in  an Edwards 
vacuum c o a t in g  u n i t .
The s tu b s  were exam ined in  a Cambridge In s tru m e n ts  S IIA  
sca n n in g  e le c t r o n  m ic roscope  o p e ra t in g  a t  20 Kv. Some o f  th e  
ca rbon  coa ted  samples were s u b je c te d  to  X - ra y  m ic ro p ro b e  a n a ly s is  
w h i l s t  in  th e  m ic ro sco p e . The samples were i r r a d ia te d  a t  20 Kv 
and th e  X -ra y s  d e te c te d  u s in g  two gas f lo w  p r o p o r t io n a l  c o u n te rs  
equ ipped w ith  m y la r w indow s .
PHYSICAL AND CHEMICAL METHODS
1 . D e te rm in a t io n  o f  S o lu b le  S o lid s
A re f ra c to m e te r  method was used to  d e te rm in e  th e  s o lu b le  s o l id s  
o f  th e  ju ic e s ,  bases and p ro d u c ts .  A d ro p  o f  th e  t e s t  s o lu t io n  was 
p la c e d  in  an Abbe re f ra c to m e te r  w h ich  had th e  specim en chamber w a te r  
ja c k e te d  a t  20°C. The s o lu b le  s o l id s  were th e n  re a d  d i r e c t l y  o f f  
th e  s c a le  c a l ib r a te d  f o r  suc rose  e q u iv a le n t  and expressed  as degrees 
B r i x .
2 .  D e te rm in a t io n  o f  C loud  L e v e l
The c lo u d  le v e l  o f  th e  v a r io u s  s o lu t io n s  was assessed by m easuring  
t h e i r  l i g h t  absorbance a t  a s p e c i f ie d  w a ve le n g th  u s in g  an E e l a b s o rp -  
t io m e te r .  N ephe lo m e try  was a ls o  e v a lu a te d  as a means o f  m easuring  
c lo u d  le v e l ,  b u t  was abandoned because i t  p roved  u n r e l ia b le  (see 
A ppend ix  4 ) .
The re a d in g s  o f  th e  a b s o rp t io m e te r  were s ta n d a rd is e d  a g a in s t  
suspens io ns  o f  known amounts o f  b e n to n ite  in  d i s t i l l e d  w a te r ,  
a c c o rd in g  to  th e  recom m endations o f  Senn, M urray  and O 'Connor (1 9 5 5 ).
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The sample under t e s t  was d i lu t e d ,  A d h e r e  a p p ro p r ia te ,  A s r i t h
o m
d i s t i l l e d  Abater to  g iv e  a s o lu t io n  o f  11 B r ix .  T h is  s o lu t io n  A^as 
th e n  c e n t r i fu g e d  a t  360 x  g f o r  10 m in u te s , and th e  s u p e rn a ta n t 
la y e r ,  Adiich A/as d e f in e d  as th e  c lo u d ,  A^as r e ta in e d .  The s u p e r­
n a ta n t  A^as d i lu t e d  f u r t h e r  A / ith  d i s t i l l e d  Abater 1 p a r t  sample to  
3 p a r ts  Abater and p la c e d  i n  a g la s s  E e l c e l l  o f  1 cm p a th  le n g th .
A b la n k  o f d i s t i l l e d  Abater and th e  t e s t  sample A^ere p la c e d  in  th e  
E e l and th e  A /ave leng th  A^ as a d ju s te d  to  660 m p .  The in s tru m e n t Airas 
a d ju s te d  so t h a t  th e  b la n k  read  ze ro  on th e  p h o to e x t in c t io n  s c a le  
o f  th e  g a lva n o m e te r, i . e . :  ze ro  absorbance o r  100# t r a n s m it ta n c e .
The t e s t  sample Afas th e n  b ro u g h t in t o  th e  l i g h t  p a th ,  and the  re a d ­
in g  on th e  s c a le  n o te d .
W ith  th e  bases and some o f  th e  e x c e p t io n a l ly  c lo u d y  samples 
A d iich  were examined d u r in g  th e  la s t  y e a r  o f  th e  p r o je c t  i t  A?as 
n e c e s s a ry  to  d i l u t e  th e  s u p e rn a ta n t more th a n  1 :3  A^ith Abater in  
o rd e r  to  o b ta in  re a d in g s  o f  le s s  th a n  100# abso rbance .
3 . C h a ra c te r is a t io n  o f  a Pure Sample o f  H e s p e r id in
A sample o f  th e  f la v a n o n e  h e s p e r id in  fyhose s t r u c tu r e  is  
d e p ic te d  in  F ig .  4 ) ,  A^as o b ta in e d  fro m  K o c h -L ig h t , and r e c r y s t a l l i s e d  
fro m  fo rm a m id e /w a te r a c c o rd in g  to  th e  method o f  P r i t c h e t t  and 
M erchan t (1 9 4 6 ). The r e c r y s t a l l i s a t i o n  in v o lv e d  p re p a r in g  a 10# 
s o lu t io n  o f  h e s p e r id in  in  form am ide and h e a t in g  to g e th e r  A 'rith 
a c t iv a te d  c h a rc o a l,  to  60°C f o r  30 m in s . The s o lu t io n  A^as f i l t e r e d ,  
A tfh ils t A^arm, th ro u g h  d ia tom aceous e a r th .  To th e  f i l t r a t e  Afas 
added an equa l volum e o f  d i s t i l l e d  Abater, and th e  s o lu t io n  A*as 
a lloA fed  to  s ta n d  u n t i l  c r y s t a l l i s a t i o n  had o c c u rre d . The c r y s ta ls  
A^ere th e n  f i l t e r e d  o f f  and a i r  d r ie d .  The r e c r y s t a l l i s a t i o n  A*as
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re p e a te d  u n t i l  c r y s ta ls  o f  c o n s ta n t m e lt in g  p o in t  were o b ta in e d .
(a ) M e lt in g  P o in t  D e te rm in a t io n
The r e c r y s t a l l i s e d  h e s p e r id in  c r y s ta ls  were v e ry  s m a ll,  so 
t h e i r  m e lt in g  p o in t  was d e te rm in e d  u s in g  a l i g h t  m ic roscope  equ ipped 
w ith  a m e lt in g  p o in t  h o t  s ta g e .
A sample o f  th e  c r y s ta ls  was p la c e d  on a c o v e r s l i p ,  w h ich  
was th e n  in s e r te d  in to  th e  h e a t in g  chamber o f  th e  m e lt in g  p o in t  
a p p a ra tu s . The m ic roscope  was th e n  a d ju s te d  to  b r in g  th e  c r y s ta ls  
in t o  fo c u s ,  and a h e a t and i n f r a  re d  a b s o rb in g  f i l t e r  was th e n  p la ce d  
betw een th e  h e a t in g  s ta g e  and th e  m icroscope  o b je c t iv e .  The fu n c t io n  
o f  th e  h e a t f i l t e r  was t o  p r o te c t  th e  lo w e r e lem ents o f  th e  m ic ro ­
scope o b je c t iv e  le n s ,  w h i l s t  th e  i n f r a  re d  a b s o rb in g  f i l t e r  i s  
d e s ig n e d  to  m in im is e  th e  q u a n t i t y  o f  i n f r a  re d  r a d ia t io n  re a c h in g  th e  
o p e ra to r 's  eyes and so reduce  p o te n t ia l  d is c o m fo r t .  The te m p e ra tu re  
o f  th e  s ta g e  was r a is e d  by u s in g  an e le c t r i c a l  h e a t in g  e le m e n t, and 
th e  p o in t  a t  w h ic h  th e  c r y s ta ls  j u s t  s ta r te d  to  m e lt  was n o te d .
The ro u t in e  was re p e a te d  u s in g  a f r e s h  sample o f  h e s p e r id in  and a 
s lo w e r r a te  o f  h e a t in g .  A g a in , th e  p o in t  a t  w h ich  th e  c r y s ta ls  
s ta r te d  to  m e lt  and th e  range  o v e r w h ic h  th e y  m e lte d  was n o te d  and 
re c o rd e d  as th e  m e lt in g  p o in t  ra n g e .
(b )  U l t r a  V io le t  A b s o rp t io n  S p e c tro sco p y
A sample o f  th e  r e c r y s t a l l i s e d  h e s p e r id in  was d is s o lv e d  in  
m e thano l and i t s  u l t r a v i o l e t  a b s o rp t io n  d e te rm in e d  u s in g  a Unicam 
SP800 s p e c tro m e te r . The spec trum  o f th e  sample o v e r th e  range 
220 -  450 my was re c o rd e d  a g a in s t  a b la n k  o f  m e th a n o l. The 
a d d i t io n  o f  s m a ll q u a n t i t ie s  o f  d i l u t e  sodium  h y d ro x id e  o r  a lu m in iu m
t r i c h lo r i d e  to  an a lc o h o l ic  s o lu t io n  o f  f la v a n o n e s  produces ch a ra c ­
t e r i s t i c  s h i f t s  o f  t h e i r  a b s o rp t io n  s p e c tra ,  so th e  e f f e c t  o f  add ing  
a few d rops  o f  0 . 1N sodium  h y d ro x id e  o r  10 mg o f a lu m in iu m  t r i c h lo r id e  
to  th e  m e th a n o lic  s o lu t io n  o f  h e s p e r id in  was n o te d .
( c ) Q u a n t i ta t iv e  E s t im a t io n  o f  H e s p e r id in
I n i t i a l l y  two methods o f  q u a n t i t a t iv e  e v a lu a t io n  were t r i e d ,  
th e se  were an u l t r a v i o l e t  a b s o rp t io n  m ethod, and a c o lo r im e t r ic  method 
a t t r ib u t a b le  to  D av is  (1 9 4 7 ). However, th e  D av is  method ( d e ta i le d  
in  A ppend ix  5) was abandoned s in c e  i t  was found to  be u n r e l ia b le  w i th  
low  le v e ls  o f  h e s p e r id in  and a ls o  n e c e s s ita te d  th e  use o f an a lk a l in e  
p re p a ra t io n  w h ic h , f o r  reasons to  be p re s e n te d  in  th e  d is c u s s io n  
s e c t io n ,  was c o n s id e re d  u n d e s ira b le .
(d ) U l t r a v io le t  A b s o rp t io n  Method
The p ro ce d u re  adop ted  was a m o d if ic a t io n  o f  th e  method d e s c r ib e d  
by H e n d r ic k s o n , IC e s te rto n  and Edwards (1 9 5 9 ). The m o d if ic a t io n s  were 
th a t  b o th  an a lc o h o l ic  and aqueous s o lu t io n  o f  h e s p e r id in  were used, 
whereas th e  o r ig in a l  o n ly  used an a lc o h o l ic  s o lu t io n .  A ls o  th e  
o r ig in a l  method re q u ire d  an a lc o h o l ic  s o lu t io n  o f  h e s p e r id in  to  w h ich  
had been added some sodium  h y d ro x id e , and f o r  reasons w h ic h  w i l l  be 
c o n s id e re d  in  th e  d is c u s s io n  s e c t io n  o f  t h is  t h e s is ,  t h is  was c o n s id e re d  
in a p p ro p r ia te  f o r  t h i s  in v e s t ig a t io n .
Known w e ig h ts  o f  th e  r e c r y s t a l l i s e d  h e s p e r id in  were d is s o lv e d  
in  e i t h e r  m e thano l (50 m l)  o r  d i s t i l l e d  w a te r  (50 m l) .  To th e se  
s o lu t io n s  were added 0 .4  m l o f  10% copper s u lp h a te  s o lu t io n ,  and th e  
r e s u l t a n t  s o lu t io n s  were a llo w e d  to  s ta n d  f o r  30 m ins a t  room tem pera­
t u r e .  The U .V . a b s o rp t io n  spectrum  o f  these  s o lu t io n s  were d e te rm in e d  
a g a in s t  th e  a p p ro p r ia te  b la n k , i . e . :  m e th a n o ll ic  copper
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s u lp h a te  s o lu t io n  o r  aqueous copper s u lp h a te  s o lu t io n .  The 
h e ig h t  o f  th e  a b s o rp t io n  spec trum  a t  290 and 300 m p was n o te d .
The d i f  fe re n c e  in  th e  absorbance a t  290 mj> minus t h a t  re co rd e d  a t  
300 mi) is  ta k e n  as a measure o f  h e s p e r id in  c o n te n t.  Thus, i t  was 
p o s s ib le  to  p re p a re  s ta n d a rd  c a l ib r a t io n  cu rves o f  known amounts o f  
h e s p e r id in  in  e i t h e r  m e th a n o l o r  w a te r  ve rsu s  the  d i f fe r e n c e  in  
a b s o rp t io n  a t  290 -  300 m|>. The j u s t i f i c a t i o n  f o r  u s in g  t h i s  
approach  and t y p i c a l  c a l ib r a t io n  cu rve  w i l l  be p re s e n te d  in  th e  
r e s u l t s  s e c t io n .
4 . The I d e n t i f i c a t io n  o f  C r y s ta l l in e  M a te r ia l  fro m  Orange J u ic e s , 
Bases and P ro d u c ts
( a ) I s o la t io n
A p o r t io n  o f  th e  v a r io u s  sam ples were d i lu t e d ,  where a p p ro p r ia te ,  
w i t h  d i s t i l l e d  w a te r  to  g iv e  a s o lu t io n  o f  11° B r ix .  T h is  s o lu t io n  
was th e n  c e n t r i fu g e d  a t  360 x  g f o r  10 m ins and th e  s u p e rn a ta n t o r  
" c lo u d '’ r e ta in e d .  The c lo u d  was th e n  c e n t r i fu g e d  a t  27 ,000  x  g f o r  
1 h r  to  y ie ld  a sed im en t and c le a r  s u p e rn a ta n t.  The sed im en t was 
resuspended in  d i s t i l l e d  w a te r  and th e  c e n t r i f u g a t io n  a t  27,000 x  g 
re p e a te d . The e x a m in a tio n  o f  th e  sed im en t u s in g  l i g h t  m ic ro sco p y  
in d ic a te d  t h a t  i t  was r i c h  in  f in e  c r y s t a l s .
(b ) M e lt in g  P o in t  d e te rm in a t io n
The is o la te d  c r y s ta ls  w ere s u b je c te d  to  a m e lt in g  p o in t  
d e te rm in a t io n ,  as p r e v io u s ly  d e s c r ib e d ,  u s in g  th e  l i g h t  m ic roscope  
equ ipe d  w i th  a h e a t in g  s ta g e .
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( c ) U l t r a v io l e t  A b s o rp t io n  S p e c tro sco p y
A m e th a n o lic  s o lu t io n  o f  th e  is o la te d  c r y s t a l l i n e  m a te r ia l  was
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s u b je c te d  to  u l t r a v i o l e t  a b s o rp t io n  s p e c tro s c o p y  as p r e v io u s ly  
d e s c r ib e d . A d d i t io n a l ly ,  th e  t e s t  s o lu t io n  was made a lk a l in e  w ith  
sodium  h y d ro x id e , o r  some a lu m in iu m  t r i c h lo r i d e  was added, and th e  
r e s u l t a n t  spec trum  n o te d .
5 . Q u a n t i ta t iv e  E s t im a t io n  o f  H e s p e r id in  in  J u ic e s  and Bases
Samples o f  th e  ju ic e s  and bases were aga in  d i lu t e d  to  11° B r ix  
w i t h  d i s t i l l e d  w a te r  and c e n t r i fu g e d  a t  360 x  g f o r  10 m in s . To 
50 m l o f  th e  s u p e rn a ta n t was added 0 .4  m l o f  10% copper s u lp h a te  
s o lu t io n  and t h is  m ix tu re  was a llo w e d  to  s ta n d  f o r  30 m in s . A 
p o r t io n  o f  t h is  s o lu t io n  was d i lu t e d  1 p a r t  to  20 p a r ts  w i t h  e i t h e r  
m e thano l o r  d i s t i l l e d  w a te r .  The u l t r a v i o l e t  spec trum  was re co rd e d  
as p r e v io u s ly  d e s c r ib e d , and th e  h e ig h t  o f  the  spec trum  a t  290 and 
300 n y jn o te d .  The d i f fe r e n c e  in  cu rve  h e ig h t  (2 90 -300 ) was ta k e n  
as a measure o f h e s p e r id in  c o n te n t by  com parison  w i th  th e  s ta n d a rd  
c a l ib r a t io n  c u rv e .
6 . D e te rm in a t io n  o f  R e f r a c t iv e  In d e x  o f  H e s p e r id in  C ry s ta ls
The r e f r a c t iv e  in d e x  o f  th e  r e c r y s t a l l i s e d  h e s p e r id in  was 
d e te rm in e d  u s in g  th e  Beeke l in e  method ( S h i l la b e r ,  1 9 5 9 ). The 
c r y s ta ls  were p la c e d  on a m ic roscope  s l id e ,  and th e n  immersed in  
a s m a ll volum e o f  s o lu t io n  o f  known r e f r a c t iv e  in d e x . The c r y s ta ls  
were b ro u g h t in to  fo c u s , and th e n  th e  d i r e c t io n  o f  movement o f  th e  
Beeke l i n e ,  w h ich  i s  observed  when th e  fo cu s  o f  th e  m ic ro sco p e  i s  
a l t e r e d ,  was n o te d . 'When th e  m ic roscope  tube  is  lo w e re d  th e  l in e  
moves tow a rds  th e  m a te r ia l  o f  lo w e r r e f r a c t iv e  in d e x . The s o lu t io n s  
were changed u n t i l  two s o lu t io n s  had been o b ta in e d  where one s o lu t io n  
was o f  lo w e r r e f r a c t iv e  in d e x  th a n  h e s p e r id in ,  w h i l s t  th e  o th e r  was 
o f  g re a te r  in d e x . T h is  e f f e c t i v e l y  b ra c k e ts  th e  r e f r a c t iv e  in d e x
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o f  th e  h e s p e r id in  c r y s t a ls .  Admixes o f  these  two s o lu t io n s  were 
th e n  p re p a re d  u n t i l  n e i t h e r  th e  specim en o r  Becke l in e  were a p p a re n t, 
t h is  p o in t  was ta k e n  as b e in g  th e  r e f r a c t i v e  in d e x  o f th e  h e s p e r id in .  
The a c tu a l r e f r a c t iv e  in d e x  o f  th e  s o lu t io n  was d e te rm in e d  u s in g  an 
Abbe re f r a c to m e te r .
7 . S o lu b i l i t y  o f  H e s p e r id in  i n  S y n th e t ic  J u ic e
In  o rd e r  to  d e te rm in e  th e  s o l u b i l i t y  o f  h e s p e r id in  in  orange 
ju ic e ,  a s y n th e t ic  ju ic e  was p re p a re d  by  d is s o lv in g  s u c ro s e , c i t r i c  
a c id  and a s c o rb ic  a c id  i n  w a te r .  The p ro p o r t io n s  were as fo l lo w s :~
Sucrose ................. l lO g .
C i t r i c  a c id  . . . .  15 g .
A s c o rb ic  a c id  . .  500mg.
Make up to  lOOOg w i th  w a te r .
A sample o f  h e s p e r id in  (50 mg) was w eighed o u t and th e  volum e 
o f  s y n th e t ic  ju ic e  re q u ire d  to  d is s o lv e  t h i s  w e ig h t o f  h e s p e r id in  
A^as d e te rm in e d  a t  20°C and 70°C .
- 53 -
FORMULATION OP A PRODUCT
R ecipe f o r  th e  p re p a ra t io n  o f  a squash typ e  o f p ro d u c t w h ich  
l e g is la t i o n  d ic ta te s  m ust c o n ta in  a t  le a s t  25# o f  s in g le  s t re n g th  
ju ic e .
APPENDIX I
66° B rx x  ju ic e   ................. 104 m l.
Sucrose    972.5 g .
10# S a c c h a r in  ................... , .  5 m l.
C i t r i c  a c id     16 g.
Sodium b enzoa te  ................  1 .6  g .
Make up to  2.6  l i t r e s  w i th  w a te r .
- 54
THE DETERMINATION OP THE OPTIMUM K)RCE FOR CENTRIFUGING SAMPLES
A sample o f  base was d i lu t e d  w i th  d i s t i l l e d  w a te r  to  g iv e  a 
s o lu t io n  o f  11° B r i x .  A l iq u o ts  (lO  m l)  o f  t h is  s o lu t io n  were th e n  
spun a t  s te p s  o f  lOOxg fro m  100 -  lOOCtxg f o r  10 m in u te s . The 
sed im en t and c lo u d y  s u p e rn a ta n t were th e n  s e p a ra te d , and a s m a ll 
volume ( l  m l)  m ixed w i t h  an e q u iv a le n t  volume o f  2% p h o s p h o tu n g s tic  
a c id  pH 5 . 5 .  A d ro p  o f  t h i s  su sp e n s io n  was th e n  p la c e d  on a 
c o l lo d io n  cove red  coppe r e le c t r o n  m ic roscope  g r id ,  and a llo w e d  
to  d r y .
The e xa m in a tio n  o f  th e  g r id s  in  th e  e le c t r o n  m ic roscope  
in d ic a te d  th a t  b o th  th e  se d im e n t and c lo u d y  s u p e rn a ta n t c o n ta in e d  
c r y s ta ls  a t  a l l  le v e ls  o f  c e n t r i f u g a t io n .
I t  was th e re fo re  conc lude d  th a t  no s in g le  fo rc e  between 100 
and 1000 x  g o f fe r e d  th e  p ro s p e c t o f  o b ta in in g  a f r a c t io n  c o n ta in in g  
v i r t u a l l y  a l l  o f  th e  c r y s t a l l i n e  m a te r ia l .  T h e re fo re  th e  fo rc e  o f  
360 x  g used by  e a r l i e r  w o rke rs  was adop ted  f o r  th e  r o u t in e  s tu d ie s ,  
s in c e  r e s u l t s  o b ta in e d  u s in g  t h i s  le v e l  cf c e n t r i f u g a t io n  c o u ld  then  
be compared w i th  r e s u l t s  o b ta in e d  by  o th e r  w o rk e rs .
APPENDIX II
PREPARATION OP COVERED ELECTRON MICROSCOPE GRIDS
The 100 mesh coppe r e le c t r o n  m ic roscope  g r id s  were covered  
w i th  a t h in  f i lm  o f  c o l lo d io n  u s in g  th e  fo l lo w in g  m ethod.
A 10 cm p e t r i  p la te  was f i l l e d  w i t h  d i s t i l l e d  w a te r ,  and th e n  
a s ta in le s s  s te e l  gauze was immersed in  th e  w a te r  and cove red  w i th  
copper g r id s .  A dop o f  1$ c o l lo d io n  in  amyl a c e ta te  was th e n  
p la c e d  on th e  s u r fa c e  o f  th e  w a te r ,  and a t h in  c o l lo d io n  f i lm  form ed 
by  g e n t le  e v a p o ra t io n  o f  th e  am yl a c e ta te .  The w a te r  was th e n  
c a r e f u l l y  d ra in e d  away fro m  th e  p e t r i  p la te  u s in g  a p ip e t t e ,  so 
t h a t  th e  c o l lo d io n  f i l m  descended to  c o v e r th e  copper g r id s .  The 
s te e l  gauze w ith  th e  copper g r id s  now cove red  w i th  a w e t c o l lo d io n  
f i lm  was th e n  removed and d r ie d  in  an oven a t  60°C. The copper 
g r id s  w h ich  were cove red  w i th  a d ry  c o l lo d io n  f i lm  were th e n  re a d y  
f o r  u se .
- 55 -
APPENDIX III
56 -
APPENDIX IV
DETERMINATION OF CLOUD LEVEL USING NEPHELOMETRY
The sample under in v e s t ig a t io n  was d i lu t e d ,  where a p p ro p r ia te ,  
w i t h  d i s t i l l e d  w a te r  to  g iv e  a s o lu t io n  o f 11° B r ix  and c e n t r i fu g e d  
a t  360 x  g f o r  10 m in s . The s u p e rn a ta n t was th e n  p la c e d  in  a 
n e p h e lo m e te r tu b e  and th e  re a d in g  on th e  n e p h e lo m e te r s c a le  n o te d . 
I t  was th e n  fou n d  t h a t  i f  th e  s o lu t io n  was d i lu t e d  f u r t h e r  th e  
n e p h e lo m e te r re a d in g s  in d ic a te d  t h a t  th e  s o lu t io n s  had become more 
t u r b id ,  a lth o u g h  v i s u a l l y  th e  sam ple had become le s s  t u r b id .  
A lth o u g h  t h is  anom aly was re p ro d u c ib le  o ve r a range o f  d i l u t i o n s ,  
i t  was c o n s id e re d  t h a t  th e s e  r e s u l t s  bo re  l i t t l e  r e la t io n s h ip  to  a 
v is u a l  assessm ent o f  c lo u d  le v e l  so t h i s  method was abandoned.
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APPENDIX V
QUANTITATIVE DETERMINATION OF HESPERIDIN USING THE DAVIS METHOD
The method f o r  h e s p e r i d i n  a n a l y s i s  in t r o d u c e d  b y  D a v is  (1 9 4 7 )  
i s  b a s e d  on a c o l o r i m e t r i c  r e a c t i o n  b e tw e e n  h e s p e r i d i n  and an  
a l k a l i n e  s o l u t i o n  o f  d i e t h y l e n e  g l y c o l .
The t e s t  sam ple  was p r e p a r e d  by  c e n t r i f u g i n g  an 11° B r ix  
s o l u t i o n  a t  360 x  g f o r  10 m i n s . To 0.2 ml o f  th e  s u p e r n a t a n t  
was added 10 ml o f  90$ a q u eou s  d i e t h y l e n e  g l y c o l  and 0.2 ml o f  4N 
sod ium  h y d r o x id e  s o l u t i o n .  The m ix t u r e  was a l lo w e d  t o  s t a n d  f o r  
30 m in s ,  and t h e n  t h e  i n t e n s i t y  o f  t h e  c o l o u r  o f  t h e  s o l u t i o n  
d e t e r m in e d  u s i n g  an E e l  a b s o r p t i o m e t e r  a t  420 m j^. The b la n k  was  
p r e p a r e d  u s i n g  t h e  same s o l u t i o n  o f  sam ple  and d i e t h y l e n e  g l y c o l  
b u t  w a t e r  was u s e d  i n s t e a d  o f  t h e  sodium  h y d r o x id e  s o l u t i o n .  A 
s t a n d a r d  c a l i b r a t i o n  c u r v e  was o b t a i n e d  by p l o t t i n g  t h e  a b s o r p t i o n  
o b t a i n e d  from m e t h a n o l i c  s o l u t i o n s  c o n t a i n i n g  known q u a n t i t i e s  o f  
r e c r y s t a l l i s e d  h e s p e r i d i n .  However w i t h  low l e v e l s  o f  h e s p e r i d i n  
t h i s  a s s a y  method ga v e  v e r y  e r r a t i c  r e s u l t s  and was t h e r e f o r e  
a b a n d o n ed .
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D u rin g  t h e  c o u r s e  o f  t h i s  work a number o f  d i f f e r e n t  t e c h n i q u e s  
ha v e  b e e n  u s e d  t o  s t u d y  th e  c i t r u s  s a m p le s ,  and a g e n e r a l  g u id e  t o  
t h e  p r e s e n t a t i o n  o f  t h e  r e s u l t s  i s  g i v e n  b e lo w :
M o r p h o lo g ic a l  F e a t u r e s
1 .  L ig h t  m ic r o s c o p y .
2 .  E l e c t r o n  m ic r o s c o p y .
P h y s i c a l  and C h em ica l C h a r a c t e r i s t i c s
1 .  Q u a n t i t a t i v e  e s t i m a t e s  o f  c r y s t a l s .
2 .  I d e n t i f i c a t i o n  and e s t i m a t i o n  o f  h e s p e r i d i n .
3 .  C h a r a c t e r i s a t i o n  o f  f r e s h  o ra n g e  j u i c e .
4 .  H e s p e r i d i n  c o n t e n t  o f  lem on j u i c e .
M o r p h o lo g ic a l  F e a t u r e s
1 .  LIGHT MICROSCOPY 
G e n e r a l  S t r u c t u r e  o f  Orange T i s s u e s
( a ) F la v e d o
The o u te r m o s t  l a y e r  o f  e p id e r m a l  c e l l s  co m p r ise d  v e r y  s m a l l  
c e l l s  w h ic h  a p p e a r e d  p o l y g o n a l  in  p l a n  v ie w  and w ere  c o v e r e d  i n  a 
waxy c u t i c l e .  In  t r a n s v e r s e  s e c t i o n  t h e  c e l l s  im m e d ia t e ly  b e low  
t h e  c u t i c l e  l a y e r  w ere  som ewhat l a r g e r  and i s o d i a m e t r i c  ( P l a t e  l ) .  
T h ese  c e l l s  w ere  r i c h  i n  c h r o m o p l a s t s , w h ic h  im p a r te d  t h e  c h a r a c ­
t e r i s t i c  c o l o u r  to  t h e  f l a v e d o ,  and f r e q u e n t l y  c o n t a i n e d  c a lc iu m  
o x a l a t e  c r y s t a l s  w h ich  w ere  e v i d e n t  when t h e  s e c t i o n s  w ere  v ie w e d  
under  p o l a r i s e d  l i g h t  ( P l a t e  2 ) .  The c r y s t a l s  w ere  i d e n t i f i e d  by  
t h e i r  s h a p e ,  and th e  f a c t  t h a t  when t h e  s e c t i o n s  w ere  i r r i g a t e d  w i t h
RESULTS
d i l u t e  s u l p h u r i c  a c i d ,  t h e  c r y s t a l s  w ere  t r a n s fo r m e d  t o  n e e d l e
sh a p ed  gypsum c r y s t a l s .
One o f  t h e  m ost  s t r i k i n g  f e a t u r e s  o f  a t r a n s v e r s e  s e c t i o n  o f  
t h e  f l a v e d o  w ere  th e  l a r g e  o i l  g la n d s  (500 -  l , 000jj m i n  d ia m e t e r )  
w h ic h  w ere  s i t u a t e d  j u s t  b e lo w  t h e  e p id e r m a l  c e l l s  ( P l a t e  3 ) .  W ith ­
i n  t h e s e  g la n d s  t h e r e  was some e v i d e n c e  f o r  i n t e r n a l  s t r u c t u r e ,  
a l t h o u g h  no f i n e  d e t a i l  was d i s c e r n i b l e .  P o l a r i s e d  l i g h t  i l l u m i n a ­
t i o n  r e v e a l e d  t h e  b i r e f r i n g e n t  n a t u r e  o f  t h e  c e l l  w a l l s  o f  t h e  
c e l l s  s u r r o u n d in g  th e  o i l  g l a n d s ,  b u t  l i t t l e  o r  no b i r e f r i n g e n t  
m a t e r i a l  was o b s e r v e d  w i t h i n  t h e  g la n d s  ( P l a t e  4 ) .
(b )  A lb ed o
The c e l l s  i n  t h e  a lb e d o  w ere  n o t  o n l y  much l a r g e r  t h a n  t h o s e  
o f  t h e  f l a v e d o ,  b u t  a l s o  had much t h i c k e r  c e l l  w a l l s  ( P l a t e  5 ) .  
F u rth erm o re  t h e  c e l l s  w ere  s e p a r a t e d  b y  l a r g e  a i r  f i l l e d  i n t e r ­
c e l l u l a r  s p a c e s ,  and numerous s t r a n d s  o f  v a s c u l a r  t i s s u e  w i t h  c h a r a c ­
t e r i s t i c  t h i c k e n e d  c e l l  w a l l s  w ere  a l s o  p r e s e n t  ( P l a t e  6 ) .  C a lc ium  
o x a l a t e  and h e s p e r i d i n  c r y s t a l s  w ere  f r e q u e n t l y  fo u n d  i n  c l o s e  
p r o x i m i t y  t o  t h e  v a s c u l a r  s t r a n d s ,  and t h e  t i s s u e ,  a s  w e l l  a s  t h e  
c r y s t a l s  w ere h i g h l y  b i r e f r i n g e n t  u n d er  p o l a r i s e d  l i g h t  ( P l a t e  7 ) .
( c ) Segm ent membrane
The c e l l s  o f  t h e  se g m e n t  membrane w ere  found  t o  be v e r y  s i m i l a r  
t o  t h o s e  o f  t h e  a l b e d o ,  and w ere  a l s o  fo u n d  t o  c o n t a i n  numerous c r y s t a l s ,  
l a t e r  shown t o  be c a lc iu m  o x a l a t e  and h e s p e r i d i n .
( d ) J u i c e  s a c
The e p id e r m a l  c e l l s  o f  t h e  j u i c e  s a c  w ere  e l o n g a t e d  i n  t h e  p la n e  
o f  t h e  j u i c e  s a c  w a l l  and had a t h i c k  c u t i c l e .  H ow ever, t h e  i n t e r i o r  
c e l l s  o f  t h e  s a c  a p p e a r e d  t o  be  rounded  and c o n t a i n e d  numerous chrom o-
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p l a s t s  a s  w e l l  a s  c a l c iu m  o x a l a t e  and h e s p e r i d i n  c r y s t a l s , ( P l a t e  8 ) .
S t r u c t u r e  o f  J u i c e s  and B a s e s
The main p a r t i c l e s  v i s i b l e  i n  j u i c e s  and b a s e s  c o n s i s t e d  o f  
v a r i o u s  f r a g m e n ts  o f  t h e  o r i g i n a l  c e l l  w a l l s ,  a s  w e l l  a s  c h r o m o p la s t s ,  
c r y s t a l s  and o t h e r  c e l l u l a r  d e b r i s .  In  some i n s t a n c e s  t h e  c e l l  
n u c l e i  w ere  v i s i b l e  and t h e s e  w ere  n o r m a l ly  i d e n t i f i e d  u n d er  p h a se  
c o n t r a s t  by t h e i r  d a rk  n u c l e o l u s .  F u rth erm ore  th e  n u c l e i  w ere  
f r e q u e n t l y  su rr o u n d e d  b y  c h r o m o p la s t s  ( P l a t e  9 ) ,  a s  w e l l  a s  numerous  
n e e d l e  l i k e  h e s p e r i d i n  c r y s t a l s  w h ic h  w ere  o f t e n  form ed i n t o  s t a r  
sh ap ed  s p h e r u l i t e s  ( P l a t e  1 0 ) ,
I n  b o th  t h e  j u i c e s  and th e  b a s e s  t h e  s t r u c t u r e s  l a c k e d  c o n t r a s t  
and w ere  c o n s e q u e n t l y  d i f f i c u l t  t o  p h o to g r a p h  on b l a c k  and w h i t e  
f i l m ,  h u t  b e c a u s e  o f  t h e  p r e s e n c e  o f  c h ro m a to p h o res  more e f f e c t i v e  
r e p r e s e n t a t i o n  was a c h i e v e d  on c o l o u r  f i l m  ( P l a t e  1 1 ) .
S t r u c t u r e  o f  p r o d u c t s
In  g e n e r a l  t h e  p a r t i c l e s  o b s e r v e d  i n  t h e  v a r i o u s  c o m m e r c ia l ly  
p ro d u c e d  p r o d u c t s  w ere  i d e n t i c a l  t o  t h o s e  o b s e r v e d  i n  t h e  j u i c e s  and  
b a s e s .  Some o f  t h e  p r o d u c t s  p r e p a r e d  from  b a s e s  e x h i b i t e d  a d e f e c t ,  
w h ic h  h a s  b e e n  d e s c r i b e d  b y  members o f  t h e  t r a d e  as  w h i t e  c a p .  The 
w h i t e  cap was a f a i r l y  t h i c k  l a y e r  o f  w h i t e  m a t e r i a l  w h ic h  was fo u n d  
i m m e d ia t e ly  above t h e  l a y e r  o f  t i s s u e  f r a g m e n ts  a t  t h e  b o t to m  o f  t h e  
p a c k ,  and was com posed v i r t u a l l y  e n t i r e l y  o f  n e e d l e  sh a p e d  c r y s t a l s  
( P l a t e  1 2 ) .
2 .  ELECTRON MICROSCOPY
(a )  T r a n s m is s io n  e l e c t r o n  m ic r o s c o p y  o f  t h i n  s e c t i o n s
( i ) N a t u r a l  oran ge  t i s s u e
The c e l l s  o f  t h e  f l a v e d o  ( P l a t e  13 )  w ere 8 -  10^ .* m i n  d ia m e t e r ,
and bounded by  c e l l  w a l l s  o f  1  -  2 p  m t h i c k n e s s  w h ich  w e r e  t r a v e r s e d  
b y p la s m a d e s m a ta . The c y t o p la s m  was d e n s e l y  s t a i n e d  b y  u r a n y l  
a c e t a t e  and l e a d  c i t r a t e ,  and th e  c e l l s  im m e d ia te ly  b e n e a t h  t h e  
e p id e r m is  c o n t a i n e d  num erous s m a l l  v a c u o l e s .  In  a d d i t i o n  a c e n t r a l l y  
p l a c e d  n u c le u s  was o b v io u s  i n  m ost c e l l s  ( P l a t e  1 4 ) ,  a s  w ere  d e n s e l y  
s t a i n i n g  d r o p l e t s  w h ich  w ere  presum ed t o  be l i p i d  b e c a u s e  o f  t h e i r  
r e a c t i o n  w i t h  osmium t e t r o x i d e .  T h ese  l i p i d  d r o p l e t s  w h ic h  w ere  
b e tw e e n  0 .5  -  1 . 0 p m  i n  d i a m e t e r ,  w ere  n o t  bounded by  a d i s c e r n i b l e  
membrane. The c e l l s  a l s o  c o n t a i n e d  d e n s e l y  s t a i n i n g  m i t o c h r o n d r i a ,  
and t h e  c r i s t a e  w i t h i n  some o f  t h e s e  a p p e a r e d  t o  be s w o l l e n  and 
d i s t o r t e d .
The d om in an t f e a t u r e  o f  t h e  c y t o p la s m  o f  t h e  l a y e r  o f  c e l l s  n e a r  
t h e  a lb e d o  was a l a r g e  c e n t r a l  v a c u o l e  o r  t o n o p l a s t  w h ic h  was  
s u r r o u n d e d  by a t h i n  p a r i e t a l  l a y e r  o f  c y t o p la s m  ( P l a t e  1 5 ) .  
N e v e r t h e l e s s ,  t h e  c y t o p la s m  c o n t a i n e d  a l l  th e  norm al o r g a n e l l e s ,  
i n c l u d i n g  a n u c l e u s ,  m i t o c h o n d r i a ,  l i p i d  d r o p l e t s  a s  w e l l  a s  numerous  
s m a l l  v e s i c l e s .  The c e l l  w a l l s  w ere  t h i c k e r  (up t o  4 p m )  and 
e x h i b i t e d  more c h a r a c t e r i s t i c  p i t - f i e l d  s t r u c t u r e s .  F u r th e r m o r e ,  
s m a l l  i n t e r c e l l u l a r  s p a c e s  o c c u r r e d  o c c a s i o n a l l y  ( P l a t e  1 5 ) ,  and 
t h e s e  c e l l s  w ere  c l e a r l y  t r a n s i t i o n a l  b e tw e e n  t y p i c a l  f l a v e d o  and  
a lb e d o  c e l l s .
The a lb e d o  c e l l s  w ere  20 -  5 Op m d ia m e t e r  and had e x t r e m e l y  t h i c k  
c e l l  w a l l s  up t o  2 0JJ m a c r o s s  w h ic h  c o n t a i n e d  p i t - f i e l d s  w h ic h  b o re  
numerous p lasm adesm a ( P l a t e  1 6 ) .  The c y t o p la s m  was n o r m a l ly  a t h i n  
l a y e r  c o m p ressed  a g a i n s t  t h e  c e l l  w a l l  ( P l a t e  1 7 ) .  The c e l l s  w ere  
s e p a r a t e d  by  m a s s iv e  i n t e r c e l l u l a r  s p a c e s  20 «=» 4 0 p  m i n  d ia m e t e r  
( P l a t e s  18 and 1 9 ) .  The c o m b in a t io n  o f  v e i y  t h i c k  c e l l  w a l l s  and  
l a r g e  i n t e r c e l l u l a r  s p a c e s  made i t  v e r y  d i f f i c u l t  to  o b t a i n  s a t i s ­
f a c t o r y  t h i n  s e c t i o n s ,  and v i r t u a l l y  i m p o s s i b l e  t o  o b t a i n  s e c t i o n s  
o f  e n t i r e  c e l l s  w hose  w a l l s  d id  n o t  e x h i b i t  some c o m p r e s s io n  or
f o l d i n g .
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The segm ent membrane was a l s o  fou n d  t o  be a f a i r l y  d i f f i c u l t  
t i s s u e  t o  s e c t i o n .  The c e l l s  o f  t h i s  t i s s u e  w ere  8 -  20 |j  m in  
d i a m e t e r  and su r r o u n d e d  b y  r e l a t i v e l y  t h i c k  c e l l  w a l l s  2 -  6 |Jm 
d ia m e t e r  ( P l a t e s  20 and 2 1 ) .  The c e l l  w a l l s  f r e q u e n t l y  e x h i b i t e d  
a marked f i b r o u s  p a t t e r n  ( P l a t e  2 2 ) ,  and had an e l e c t r o n  opaque  
p r e c i p i t a t e  a s s o c i a t e d  w i t h  them . T h is  p r e c i p i t a t e  was p r o b a b ly  
an a r t i f a c t ,  a p p ea red  t o  be  s p e c i f i c  t o  t h e  w a l l  r e g i o n ,  and was 
n o t  g e n e r a l l y  o b s e r v e d  on o t h e r  p a r t s  o f  t h e  s e c t i o n .  The c y t o ­
p la sm  o f  t h e s e  c e l l s  o f t e n  a p p e a r e d  t o  he s l i g h t l y  p l a s m o l y s e d ,  w i t h  
t h e  p la sm a  membrane l y i n g  away from  t h e  c e l l  w a l l .  H ow ever, t h e  
v a r i o u s  c y t o p l a s m i c  o r g a n e l l e s  c o u ld  be i d e n t i f i e d ,  a l t h o u g h  t h e y  
w ere  u s u a l l y  p o o r l y  p r e s e r v e d  when compared w i t h  t h e  e q u i v a l e n t  
o r g a n e l l e s  found  i n  t h e  o t h e r  t i s s u e s  o f  th e  o r a n g e .
The o u te r m o s t  c e l l s  o f  t h e  j u i c e  s a c  were co lum nar and c o v e r e d  
i n  a c u t i c l e  ( P l a t e  2 3 ) ,  w h e r e a s  t h e  lo w e r  c e l l s  w ere  p o l y g o n a l  and  
5 -  14 j-j m i n  d i a m e t e r .  T h e se  c e l l s  c o n t a i n e d  t o n o p l a s t s  o f  v a r i a b l e  
s i z e ,  some o c c u p y in g  a m ajor p o r t i o n  o f  t h e  c y t o p l a s m ,  w h i l s t  o t h e r s  
a p p e a r e d  as  s m a l l  v e s i c l e s .  The c e l l s  a l s o  c o n t a i n e d  n u c l e i ,  
e h r o m o p la s t s  and d e n s e l y  s t a i n i n g  d r o p l e t s  w h ic h  w ere  presum ed t o  
be l i p i d .  The c e l l s  l y i n g  b e n e a t h  t h e  5 or 6 o u t e r  l a y e r s  t e n d e d  
t o  c o n t a i n  numerous v a c u o l a r  v e s i c l e s ,  l i p i d  d r o p l e t s  and chromo— 
p l a s t s  ( P l a t e  2 4 ) .  The w a l l s  o f  t h e  o u t e r  c e l l s  were 0 , 5  -  1 . 0 p m  
t h i c k ,  h u t  t h o s e  round t h e  c e l l s  a t  t h e  c e n t r e  o f  t h e  j u i c e  s a c  w ere  
v e r y  much t h i n n e r  b e i n g  10 -  30nm i n  d ia m e t e r  ( P l a t e  2 5 ) .  T here was 
l i t t l e  e v id e n c e  o f  a g r a d a t i o n  i n  w a l l  t h i c k n e s s  b e tw e e n  t h e s e  two 
e x t r e m e s ,  b u t  by  t r a c i n g  t h e  t h i n  w a l l s  b a ck  t o  t h e i r  b r a n c h in g  p o i n t  
from  t h e  r e l a t i v e l y  t h i c k  w a l l s  ( P l a t e  . 2 6 ) ,  i t  was e v i d e n t  t h a t  t h e y  
w ere  o f  s i m i l a r  s t r u c t u r e  and f u n c t i o n .
The c u t i c l e  l a y e r  on t h e  o u te r m o s t  c e l l s  o f  t h e  j u i c e  s a c  was
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a b o u t  0 , 2 p m  t h i c k  ( P l a t e  2 7 )  and s o m e t im e s  showed e v i d e n c e  f o r  
o t h e r  c e l l u l a r  d e b r i s  a d h e r in g  to  i t  ( P l a t e  2 8 ) .  The c e l l  w a l l s
c o n t a i n e d  f a i r l y  w e l l  d e f i n e d  p i t - f i e l d s  w i t h  p lasm adesm a t r a v e r s i n g  
t h e  w a l l .  The c y t o p la s m  o f  t h e  c e l l s  from  t h e  f i r s t  5 - 8  l a y e r s  
o f  c e l l s  c o n t a i n e d  a l a r g e  n u c l e u s ,  w i t h  n u c l e o l u s ,  c h r o m a t in  and  
w e l l  p r e s e r v e d  n u c l e a r  membrane ( P l a t e  2 9 ) .  A ls o  p r e s e n t  w ere  
v a c u o l a r  v e s i c l e s ,  m i t o c h o n d r i a ,  l i p i d  d r o p l e t s  and c h r o m o p la s t s  
( P l a t e  2 9 ) .  The c h r o m o p la s t s  w ere  o r g a n e l l e s  3 lo n g  and 1 ^  m
d i a m e t e r ,  u s u a l l y  w i t h  an e l o n g a t e d  o r  d u m b -b e l l  form  and bounded b y  
a membrane, t h e y  c o n t a i n e d  a g r a n u la r  o r  membranous i n t e r i o r  w i t h  
d e n s e l y  s t a i n i n g  d r o p l e t s  f r e q u e n t l y  a r r a n g e d  i n  a c i r c u l a r  a r r a y  
( P l a t e  3 0 ) .  ’
W ith in  t h e  c e n t r a l  c e l l s  t h e  w a l l s  w ere  o n l y  10  -=• 30 nm t h i c k ,  
t h e r e  was no e v i d e n c e  o f  p i t - f i e l d s  or  p lasm adesm a ( P l a t e  3 1 ) ,  and  
i t  was f r e q u e n t l y  d i f f i c u l t  t o  d i s c e r n  an i n t a c t  p lasm a  membrane, 
H ow ever , i n  some c e l l s  t h e r e  w ere num erous membrane bound v e s i c l e s  
( P l a t e  3 2 ) .  O c c a s i o n a l l y ,  n u c l e i  w ere  o b s e r v e d  w i t h i n  t h e s e  c e l l s ,  
a s  w ere  m i t o c h r o n d r i a ,  b u t  t h e y  w ere g e n e r a l l y  p o o r l y  p r e s e r v e d  
i n d i c a t i n g  t h a t  some a u t o l y s i s  may have  t a k e n  p l a c e .  A s t r i k i n g
f e a t u r e  i n  some a r e a s  w ere  d e n s e l y  s t a i n i n g  d r o p l e t s  0 . 5  -  l.O^J m
d i a m e t e r ,  w h ic h  w ere  t y p i c a l l y  s i t e d  c l o s e  t o  t h e  c e l l  w a l l  or
a s s o c i a t e d  w i t h  a g g r e g a t e s  o f  v e s i c l e s  ( P l a t e  3 3 ) .
( i i )  S e c t i o n s  o f  S i n g l e  S t r e n g t h  J u i c e
The s e c t i o n s  o b t a i n e d  from  t h e  m i c r o e n c a p s u l a t e d  s i n g l e  s t r e n g t h  
j u i c e  r e v e a l e d  a ran ge  o f  c e l l  w a l l s  and c e l l u l a r  d e b r i s  ( P l a t e  3 4 ) .  
The c e l l  w a l l  m a t e r i a l  c o n s i s t e d  o f  two f a i r l y  d i s t i n c t  t y p e s .  
R e l a t i v e l y  t h i c k  w a l l s  ( 0 . 5  -  1 . 5 ^  m t h i c k )  some o f  w h ic h  e x h i b i t e d  
a d e n s e l y  s t a i n i n g  c u t i c l e  l a y e r ,  and v e r y  much t h i n n e r  w a l l s ,  some 
o f  w h ic h  w ere  o n l y  10 -  20  n a n o m e te r s  i n  w i d t h .  Much o f  t h e
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c e l l u l a r  d e b r i s  was e i t h e r  v e s i c l e  l i k e  or  g r a n u la r  m a t e r i a l  o f  
l e s s  t h e n  50 nm d i a m e t e r .  T here was a l s o  e v id e n c e  f o r  d i s t i n c t  
a g g r e g a t e s  o f  v e s i c l e s  and d e n s e l y  s t a i n i n g  d r o p l e t s  many o f  w h ic h  
were w i t h i n  t h e  r a n g e  0 .5  -  2 . Op m d i a m e t e r ,  a l t h o u g h  some w ere  
c o n s i d e r a b l y  l a r g e r  ( P l a t e  3 5 ) .  In  a d d i t i o n  t o  th e  v e s i c l e s  
a s s o c i a t e d  w i t h  d e n s e l y  s t a i n i n g  d r o p l e t s ,  t h e r e  were numerous a r r a y s  
o f  v e s i c l e s ,  membranes and g r a n u la r  s t r u c t u r e s ,  some o f  w h ic h  form ed  
q u i t e  e x t e n s i v e  s t r u c t u r e s  ( P l a t e  3 6 ) .
( i i i )  S e c t i o n s  o f  C o n c e n t r a t e d  J u i c e s
The a p p e a r a n c e  o f  a s i x  f o l d  c o n c e n t r a t e d  j u i c e  ( i . e . :  66°  B r i x )  
i s  i l l u s t r a t e d  on P l a t e s  37 and 3 8 .  The dom inant f e a t u r e s  w ere  
c e l l  w a l l s  w h ic h  v a r i e d  from  0.02  -  1 , 0 p m  in  w i d t h ,  and o t h e r  
r e a d i l y  d i s c e r n i b l e  s t r u c t u r e s  w ere  c h r o m o p l a s t s , d e n s e l y  s t a i n i n g  
d r o p l e t s  and num erous s m a l l  v e s i c l e s .  A ls o  c h a r a c t e r i s t i c  o f  t h e s e  
h e a t  c o n c e n t r a t e d  j u i c e s  w ere  a g g r e g a t e s  o f ’ v e r y  s m a l l  d e n s e l y  
s t a i n i n g  p a r t i c l e s  ( P l a t e  3 9 ) ,  n e v e r  s e e n  i n  f r e s h  t i s s u e s  n o r  
o b s e r v e d  t o  a n y  g r e a t  e x t e n t  i n  s i n g l e  s t r e n g t h  j u i c e  w h ic h  had  b een  
" p a s t e u r i s e d " .  The p a r t i c l e s  w ere  1 0 - 3 0  nm in  d i a m e t e r ,  and w ere  
q u i t e  f r e q u e n t l y  a s s o c i a t e d  w i t h  o t h e r  v e s i c u l a r  m a t e r i a l  ( P l a t e  4 0 ) .  
They a re  presum ed t o  have  r e s u l t e d  from  t h e  h e a t  t r e a t m e n t  u s e d  f o r  
c o n c e n t r a t i n g  t h e  j u i c e s .
Some o f  t h e  c e l l  w a l l s  o b s e r v e d  i n  t h e  c o n c e n t r a t e d  j u i c e s  
e x h i b i t e d  t h e  d e n s e l y  s t a i n i n g  c u t i c l e  l a y e r  w h ic h  i s  c o n s i d e r e d  t o  
he c h a r a c t e r i s t i c  o f  t h e  o u t e r  c e l l s  o f  t h e  j u i c e  s a c  ( P l a t e  4 1 ) .
( i v ) S e c t i o n s  o f  B a s e s
The e x a m in a t io n  o f  t h i n  s e c t i o n s  o f  t h e  m i c r o e n c a p s u l a t e d  b a s e s  
i n d i c a t e d  t h a t  in  a d d i t i o n  t o  t h e  t y p e s  o f  s t r u c t u r e s  s e e n  i n  t h e  
c o n c e n t r a t e d  j u i c e s  num erous v e r y  t h i c k  w a l l  s t r u c t u r e s  w ere  a l s o
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p r e s e n t  ( P l a t e s  42 and 43 )=  T h ese  w a l l s  were 6 «  IO^j m t h i c k  and  
from  t h e i r  g e n e r a l  a p p ea ra n ce  i t  was a p p a r e n t  t h a t  t h e y  w ere  o r i g i n a l l y  
d e r i v e d  from f l a v e d o ,  a lb e d o  and se g m e n t  membranes. The v e r y  much 
t h i n n e r  c e l l  w a l l s  o b s e r v e d  i n  th e  j u i c e s  w ere a l s o  p r e s e n t ,  a s  w ere  
d e n s e l y  s t a i n i n g  d r o p l e t s ,  v e s i c l e s  and t h e  d e n s e l y  s t a i n i n g  p a r t i c l e s  
( P l a t e  4 4 )  n o t e d  i n  t h e  h e a t  c o n c e n t r a t e d  j u i c e s .
(v )  S e c t i o n s  o f  com m ercia l  p r o d u c t s
In g e n e r a l  t h e  v a r i o u s  p r o d u c t s  c o n t a i n e d  t h e  same t y p e  o f  
p a r t i c l e s  o b s e r v e d  in  t h e  j u i c e s  and b a s e s ,  e x c e p t  f o r  m a t e r i a l  i n  
t h e  n e c k  r i n g s  w h ic h  d e v e l o p e d  a t  t h e  t o p  o f  t h e  p a c k s .
The m a t e r i a l  o b t a i n e d  from  t h e  s e d im e n t  o f  a co m m e r c ia l  p r o d u c t  
c o m p r ise d  m a in ly  o f . t h i c k  c e l l  w a l l s  and g e n e r a l  c e l l u l a r  d e b r i s  
( P l a t e s  45 and 4 6 ) .  In  o r d e r  t o  o b t a i n  a s u f f i c i e n t  c o n c e n t r a t i o n  
o f  t h e  c lo u d  m a t e r i a l  f o r  m i c r o e n c a p s u l a t i o n ,  t h e  c l o u d  from  t h e  
p r o d u c t s  was c o l l e c t e d  b y  c e n t r i f u g a t i o n  a t  2 8 ,0 0 0  x  g .  The s e d i ­
ment from  t h e  c e n t r i f u g a t e  was t h e n  r e s u s p e n d e d  i n  a s m a l l  volum e  
o f  t h e  s u p e r n a t a n t ,  and t h e n  t h i s  " c o n c e n t r a t e d  c lo u d "  was m i c r o -  
e n c a p s u l a t e d  as  d e s c r i b e d  a b o v e .  T h in  s e c t i o n s  o f  t h i s  m a t e r i a l  
r e v e a l e d  t h a t  i t  was com posed o f  t h i n  c e l l  w a l l s ,  d e n s e l y  s t a i n i n g  
d r o p l e t s ,  v e s i c l e s  and f i n e  g r a n u la r  m a t e r i a l  ( P l a t e s  47  and 4 8 ) .
I t  was d i f f i c u l t  t o  ju d g e  w h e th e r  th e  c o n c e n t r a t i o n  o f  t h e  d i f f e r e n t  
p a r t i c l e s  w ere  t h e  same i n  a l l  t h e  s a m p l e s ,  s i n c e  t h e  m ethod o f  
sp e c im e n  p r e p a r a t i o n ,  i . e . :  m i c r o e n c a p s u l a t i o n  made i t  i m p o s s i b l e
t o  g u a r a n t e e  t h a t  e a c h  m ic r o c a p s u le  r e c e i v e d  an i d e n t i c a l  number o f  
p a r t i c l e s ,  or 'th a t  t h e  d i s t r i b u t i o n  w i t h i n  t h e  m i c r o c a p s u l e s  w o u ld  
be s i m i l a r .  F or  t h e s e  c o n s i d e r a t i o n s  i t  w ou ld  have  b e e n  m e a n in g le s s  
t o  h a v e  a t t e m p t e d  t o  o b t a i n  any q u a n t i t a t i v e  d a t a  on p a r t i c l e  numbers  
from  t h i n  s e c t i o n s  o f  m ic r o e n c a p s u l a t e d  m a t e r i a l s .
The s t r u c t u r e s  o b s e r v e d  i n  t h e  n e c k  r i n g s  o f  p r o d u c t s  f o r m u la t e d
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from  a b a s e  p r e p a r e d  b y  b l e n d i n g  t o g e t h e r  j u i c e  and p e e l  t i s s u e s ,  
w ere q u i t e  d i f f e r e n t  from  t h o s e  o b s e r v e d  from  p r o d u c t s  f o r m u la t e d  
from b a s e s  p r e p a r e d  by  com m in u tin g  w h o le  o r a n g e s .
The main s t r u c t u r a l  f e a t u r e  o f  t h e  n e c k  r i n g  from  th e  j u i c e  
and p e e l  ty p e  o f  p r o d u c t  was a d e n s e  p o p u l a t i o n  o f  r o u g h l y  s p h e r i c a l  
p a r t i c l e s  w i t h  d i a m e t e r s  r a n g in g  from 0 . 5  -  5.0^4 m ( P l a t e s  49 and  
5 0 ) .  The m a j o r i t y  o f  t h e  p a r t i c l e s  w ere  bounded b y  a f i n e  g r a n u la r  
m a t e r i a l  and c o n t a i n e d  w i t h i n  t h e i r  c e n t r e s  r e l a t i v e l y  am orphous,  
g r a n u la r  m a t e r i a l s  and d e n s e l y  s t a i n i n g  s m a l l  d r o p l e t s  o f  a p p r o x im a t e ly  
O .l j j  m d ia m e t e r .  Many o f  t h e s e  d e n s e l y  s t a i n i n g  d r o p l e t s  were  
a r r a n g e d  c l o s e  t o  t h e  p e r i p h e r y  o f  t h e  l a r g e r  p a r t i c l e s  ( P l a t e  5 0 ) .
Some o f  t h e  p a r t i c l e s  c o n t a i n e d  com p lex  a r r a n g e m e n ts  o f  g r a n u la r  
m a t e r i a l s ,  membranes and s t r u c t u r e s  w i t h  a g e o m e t r i c a l  c r y s t a l l i n e  
sym m etry ( P l a t e  5 1 ) .
The n e c k  r i n g s  from  t h e  p r o d u c t s  p r e p a r e d  from  com m inuted w h o le  
o r a n g e s  c o n t a i n e d  p r e d o m in a n t ly  em pty d r o p l e t s  bounded b y  a d e n s e l y  
s t a i n i n g  membrane ( P l a t e s  52 and 5 3 ) .  The d r o p l e t s  ra n g ed  from  
0 . 1  -  2 . 0jj m i n  d i a m e t e r ,  and t h e  b o u n d in g  membrane was a b o u t  
25 -  60 nm t h i c k .  O th er  m a t e r i a l s  t h a t  w ere  o b s e r v e d  i n c l u d e d  
d e n s e l y  s t a i n i n g  v e r y  f i n e  g r a n u la r  m a t e r i a l s ,  a s  w e l l  a s  some f r e e  
membrane s t r u c t u r e s  and s h o r t  l e n g t h s  o f  r e l a t i v e l y  t h i n  c e l l  w a l l s .
( b ) T r a n s m is s io n  e l e c t r o n  m i c r o s c o p y  and f r e e z e  e t c h i n g
( i ) S i n g l e  s t r e n g t h  j u i c e s  w i t h o u t  c r y o p r o t e c t a n t
T h ere  was a c h a r a c t e r i s t i c  r e t i c u l a r  m a t r ix  a p p e a r a n c e  o f  t h e s e  
sp e c im e n s  w h ich  was p r o b a b ly  a t t r i b u t a b l e  t o  t h e  fox 'm ation  o f  i c e  
c r y s t a l s .  Embedded w i t h i n  t h i s  m a t r ix  w ere c e l l  w a l l s  w i t h  an 
a p p a r e n t  w id t h  o f  a b o u t  0 m, a s  w e l l  a s  numerous d r o p l e t s  ( P l a t e  
5 4 ) .  At a h i g h e r  m a g n i f i c a t i o n  n e e d l e  l i k e  c r y s t a l s  w ere  a l s o  
r e v e a l e d  ( P l a t e  5 5 ) .
( i i ) S i n g l e  s t r e n g t h  . j u i c e s  w i t h  a c r y o p r o t e c t a n t
In  a g l y c e r i n a t e d  j u i c e  t h e  i c e y  m a t r ix  had b een  r e d u c e d  and 
many a g g r e g a t e s  o f  s m a l l  d r o p l e t s  and some c r y s t a l s  w ere  a p p a r e n t  
( P l a t e  5 6 ) ,  t h e  d r o p l e t s  v a r y i n g  from  40  -  250 nm i n  d i a m e t e r .
( i i i )  C o n c e n tr a te d  j u i c e s  and b a s e s  w i t h o u t  c r y o p r o t e c t a n t
The i n c o r p o r a t i o n  o f  a c r y o p r o t e c t a n t  was u n n e c e s s a r y  f o r
a d e q u a te  p r e p a r a t i o n  o f  t h e s e  s a m p l e s ,  b e c a u s e  t h e  i c e  f o r m a t io n  
was r e d u c e d  b y  t h e  h i g h  l e v e l s  o f  s o l u b l e  s o l i d s  s u c h  a s  s u g a r .
The p red o m in a n t  s t r u c t u r e s  i n  a r e p r e s e n t a t i v e  b a s e  w ere  a g g r e g a t e s  
o f  s m a l l  d r o p l e t s  ( P l a t e  5 7 ) ,  w h ic h  l i k e  t h o s e  p r e s e n t  i n  t h e  j u i c e  
sa m p les  w ere  40  -  250 nm d i a m e t e r .  F u r th e r m o r e , t h e  s i z e  o f  t h e  
a g g r e g a t e s  w ere s i m i l a r  b e i n g  0 , 5  -  1 .5 p im  d ia m e t e r .  H ow ever, some 
much l a r g e r  a g g r e g a t e s  w ere  a l s o  o b s e r v e d ,  w h ich  were f r e q u e n t l y  
e l l ip s o id a l  r a t h e r  t h e n  s p h e r i c a l  i n  formand t h u s  3 .0  x- 1 . 5 p  m a c r o s s .  
Some o f  t h e  a g g r e g a t e s  a p p e a r e d  t o  be com posed o f  m a in ly  d r o p l e t s  
( P l a t e  5 8 )  w i t h  o n l y  l i m i t e d  ammounts o f  c r y s t a l l i n e  m a t e r i a l ,  
w h i l s t  o t h e r  a g g r e g a t e s  c o n t a i n e d  numerous c r y s t a l l i n e  b o d i e s  ( P l a t e  
59 ) .  I t  was d i f f i c u l t  t o  a s s i g n  a p r e c i s e  s i z e  t o  t h e  c r y s t a l s ,  
b e c a u s e  o n l y  r a r e l y  was t h e  p la n e  o f  t h e  f r a c t u r e  a l i g n e d  w i t h  a 
p la n e  o f  c r y s t a l  sym m etry and a w h o le  c r y s t a l  e x p o s e d .  H ow ever, t h e  
e x a m in a t io n  o f  a number o f  f r e e z e  e t c h  r e p l i c a s  i n d i c a t e d  t h a t  t h e  
c r y s t a l s  had f r a c t u r e  f a c e  d im en sio n s  o f  t h e  o r d e r  o f  I t
was i n t e r e s t i n g  t o  o b s e r v e  t h a t  none o f  t h e  a g g r e g a t e s  o f  d r o p l e t s  
and c r y s t a l s  a p p ea red  t o  he bounded b y  a l i m i t i n g  membrane. On some 
r e p l i c a s  q u i t e  e x t e n s i v e  r e g i o n s  o f  c r y s t a l l i n e  m a t e r i a l  w ere  o b s e r v e d  
( P l a t e  6 0 ) ,  and th e  a p p e a r a n c e  o f  some o f  t h e s e  c r y s t a l  a g g r e g a t e s  
was i n d i c a t i v e  o f  s t a r  sh a p e d  s p h e r u l l i t e s  a s  o b s e r v e d  by  l i g h t  
m i c r o s c o p y .  In  c e r t a i n  f r a c t u r e  p l a n e s  t h e  c r y s t a l s  a l s o  showed
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e v i d e n c e  f o r  l a y e r  g ro w th  ( P l a t e  60) w i t h  t h e  growth s t e p s  b e i n g  
a b o u t  3 nm.
In  a d d i t i o n  t o  d r o p l e t s  and c r y s t a l s ,  some o f  t h e  a g g r e g a t e s  i n  
b o t h  t h e  j u i c e s  and b a s e s  c o n t a i n e d  m a t e r i a l  t h a t  had e i t h e r  a 
p a r t i c u l a t e  o r  sm ooth  a p p e a r a n c e  ( P l a t e s  61 and 6 2 ) .  The d im en­
s i o n s  o f  th e  p a r t i c u l a t e  m a t e r i a l  was o f  t h e  o r d e r  o f  10  -  30 nm 
and was p r o b a b ly  a n a la g o u s  t o  t h e  d e n s e l y  s t a i n i n g  p a r t i c u l a t e  
m a t e r i a l  o b s e r v e d  i n  t h e  t h i n  s e c t i o n s  o f  h e a t  c o n c e n t r a t e d  j u i c e s  
and b a s e s .  C e l l  w a l l  f r a g m e n ts  w ere  n o t  o b s e r v e d  i n  t h e  c r y o p r o -  
t e c t e d  j u i c e s  or  t h e  c o n c e n t r a t e d  j u i c e s  and b a s e s .
( i v ) Neck r i n g s  from  p r o d u c t s  p r e p a r e d  from b a s e s
M a t e r i a l  o b t a i n e d  from  t h e  n e c k  r i n g s  from  b a s e s  p r e p a r e d  from  
j u i c e  p l u s  p e e l  c o n t a i n e d  l a r g e  d r o p l e t s  0 , 5  -  5 . 0 ^ m  d ia m e t e r  ( P l a t e  
6 3 ) .  They w ere  n o t  bounded b y  a d i s t i n c t  membrane, b u t  t e n d e d  t o
h a v e  a r e t i c u l a r  s u r f a c e  w here  t h i s  was i n  c o n t a c t  w i t h  t h e  aqueous
p h a s e .  F u rth erm ore  t h e  i n t e r n a l  s t r u c t u r e  o f  t h e  d r o p l e t s  was n o t  
hom ogen ou s, b u t  c o n t a i n e d  some d i s t i n c t  s m a l l e r  d r o p l e t s  ( P l a t e  6 4 ) .
The n e c k  r i n g  d r o p l e t s  p r e s e n t  i n  p r o d u c t s  made from  t h e  b a s e  
p r e p a r e d  from  a com m inuted w h o le  o ra n g e  a p p ea red  t o  be bounded b y  
a d i s t i n c t  membrane 30 -  40 nm t h i c k  ( P l a t e  6 5 ) .  The d r o p l e t s  w ere  
a b o u t  0 . 1  — 2 , 0 |U m a c r o s s ,  and  t h e  i n t e r i o r  was com posed o f  r e l a t i v e l y  
hom ogenous m a t e r i a l .
( c ) T r a n s m is s io n  e l e c t r o n  m ic r o s c o p y  and n e g a t i v e  s t a i n i n g
The i n i t i a l  method o f  s p e c im e n  p r e p a r a t i o n  i n v o l v e d  c e n t r i f u g i n g  
a s i n g l e  s t r e n g t h  j u i c e  t o  p ro d u c e  a c lo u d  f r a c t i o n ,  and t h e n  m ix in g  
a p r o p o r t i o n  o f  t h e  c l o u d  w i t h  n e g a t i v e  s t a i n  and d r y i n g  down o n to  a 
c o l l o d i o n  c o v e r e d  g r i d .  Such sp e c im e n  p r e p a r a t i o n s  c o n t a i n e d  
a p p a r e n t l y  c i r c u l a r  o r  s p h e r i c a l  e l e c t r o n  opaque p a r t i c l e s  0 . 1 5  —
0 . 3 p m d ia m e t e r  ( P l a t e  66 ) .  H ow ever , i t  was n o t i c e d  t h a t  t h e s e
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t y p e s  o f  s t r u c t u r e s  a p p e a r e d  t o  be form ed d u r in g  t h e  p r o lo n g e d  
i r r a d i a t i o n  o f  t h e  s p e c im e n  g r i d  w i t h  t h e  e l e c t r o n  beam. F u r t h e r ­
m ore, when t h e s e  s p h e r i c a l  s t r u c t u r e s  w ere  fo r m in g  on t h e  g r i d ,  
n e e d l e  sh a p ed  c r y s t a l s  became a p p a r e n t  am ongst t h e  n e g a t i v e  s t a i n  
( P l a t e  6 7 ) .  I t  was c o n c lu d e d  t h a t  some m a t e r i a l  from  t h e  j u i c e  
w h ic h  had b e e n  d e p o s i t e d  o n to  t h e  g r i d  was b e i n g  v o l a t i l i s e d  u n d er  
t h e  c o n d i t i o n s  o f  vacuum and i r r a d i a t i o n  w i t h  t h e  e l e c t r o n  beam 
w i t h  t h e  r e s u l t  t h a t  s p u r i o u s  a r t i f a c t s  w ere  p r o d u c e d .  The s e d im e n t  
from  o r a n g e  j u i c e  s u b j e c t  t o  c e n t r i f u g a t i o n  a t  360 x  g d id  n o t  
e x h i b i t  t h i s  a r t i f a c t ,  and  was com posed o f  p r e d o m in a n t ly  c r y s t a l s  and  
c e l l  w a l l  m a t e r i a l s  ( P l a t e  68 ) .  The d e n s e l y  s t a i n i n g  m a t e r i a l  w i t h  
w h ic h  t h e  c r y s t a l s  w ere  u s u a l l y  a s s o c i a t e d  was f i b r i l l a r  i n  n a t u r e  
( P l a t e  6 9 ) .
An a l t e r n a t i v e  p r e p a r a t i v e  t e c h n i q u e  was t o  c o l l e c t  t h e  c l o u d  
a t  3 0 ,0 0 0  x  g .  The d e p o s i t  was w ashed  t w i c e  b y  r e s u s p e n d i n g  i t  i n  
d i s t i l l e d  w a t e r  f o l l o w e d  b y  c e n t r i f u g a t i o n .  N e g a t i v e l y  s t a i n e d  
p r e p a r a t i o n  o f  t h e  w ash ed  d e p o s i t  d i d  n o t  a l t e r  under  t h e  e l e c t r o n  
beam and t y p i c a l  r e s u l t s  a re  shown on P l a t e  7 0 ,  r e v e a l i n g  numerous  
n e e d l e  sh a p e d  c r y s t a l s .  T h ese  w ere  m a in ly  s m a l l  ( 0 . 6  -  1 . 0jj m 
lo n g  b y  50 -  60 nm w id e )  b u t  l a r g e  c r y s t a l s  were a l s o  p r e s e n t  (2pm 
l o n g  b y  200 nm w i d e ) .
U s in g  t h e  c l o u d  w a s h in g  p r o c e d u r e  o u t l i n e d  above  t h e  ra n g e  o f  
n e g a t i v e  s t a i n s  l i s t e d  i n  t h e  M a t e r i a l s  and Methods S e c t i o n  w ere  
e v a l u a t e d  to  s e e  w h ic h  s t a i n  gave  th e  b e s t  r e s u l t s  i n  t e r m s  o f  
r e p r o d u c i b i l i t y  and c o n t r a s t ,  b e a r i n g  i n  mind t h a t  t h e  pH o f  t h e  
j u i c e s  and b a s e s  w ere  b e tw e e n  pH 4 . 5  — 5 . 5 .
An aq u eou s s o l u t i o n  o f  p h o s p h o t u n g s t i c  a c i d  a t  pH 1 . 0  d i d  n o t  
a c t  a s  a  n e g a t i v e  s t a i n  h u t  gave  a b l a c k  p r e c i p i t a t e  a l l  o v e r  t h e  
g r i d ,  b u t  a t  pH 5 . 0  and 7 . 0  t h e  s t a i n  ga v e  a d e q u a te  and com parab le  
r e s u l t s .  U ra n y l  a c e t a t e  and ammonium m o ly b d a te  (b o th  o f  pH 6 . 0 )
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d i d  n o t  p ro d u ce  a s  much c o n t r a s t  a s  t h e  p h o s p h o t u n g s t i c  s t a i n s .
Thus p h o s p h o t u n g s t i c  a c i d  a t  pH 5 , 0  was s e l e c t e d  as  t h e  s t a n d a r d  
t h r o u g h o u t  t h i s  w ork  b e c a u s e  a t  t h a t  pH t h e  s t a i n  was n e a r e s t  t o  
t h e  pH o f  t h e  o r a n g e  s a m p l e s .  The c lo u d  d e r i v e d  from  a b a s e  w h ic h  
had b e e n  w ashed  and r e s u s p e n d e d  was s i m i l a r  t o  an e q u i v a l e n t  p r e ­
p a r a t i o n  o b t a i n e d  from  t h e  j u i c e  ( P l a t e  7 1 ) .  The main f e a t u r e s  
w ere  c r y s t a l s  b o th  sm a ll ,  and l a r g e  (15 nm w id e  0,3^» ra l o n g ;
60 nm w id e  and 0.6^j m l o n g ) .  In  a d d i t i o n  s m a l l  c i r c u l a r  or  
s p h e r i c a l  p a r t i c l e s  w ere  p r e s e n t  a b o u t  15 «  60 nm i n  d i a m e t e r ,  a s  
w e l l  a s  p a r t i c u l a t e  m a t e r i a l  w i t h  a s i z e  r a n g e  o f  20 -  200 nm, and  
membrane bound p a r t i c l e s  w h ic h  had t h e  a p p e a r a n c e  o f  f l a t t e n e d  
v e s i c l e s  ( P l a t e  7 2 ) .  O c c a s i o n a l l y  s t r u c t u r e s  w ere  s e e n  w h ich  
r e s e m b le d  c e l l u l a r  o r g a n e l l e s ,  an exam p le  o f  w h ic h  i s  i l l u s t r a t e d  
on P l a t e  73 and w h ic h  p r o b a b ly  r e p r e s e n t s  g o l g i  b o d i e s .
The e x a m in a t io n  o f  t h e  c lo u d  from  a n e g a t i v e l y  s t a i n e d  lem on  
j u i c e  a l s o  r e v e a l e d  numerous n e e d l e  sh a p ed  c r y s t a l s  ( P l a t e  7 4 ) .  
T h ese  c r y s t a l s  w ere  o f  s i m i l a r  a p p e a r a n c e  t o  t h o s e  o b s e r v e d  i n  
o ra n g e  j u i c e ,  e x c e p t  t h a t  some o f  t h e  c r y s t a l s  w ere  v e r y  lo n g  
(up t o  lO j^ m l o n g  and 0 .3 ju  m w i d e ) .
(d) S c a n n in g  e l e c t r o n  m ic r o s c o p y
The e x a m in a t io n  o f  t h e  c lo u d  i s o l a t e d  from a j u i c e  b y  c e n t r i ­
f u g a t i o n  ( 30,000  x  g )  r e v e a l e d  a mass o f  n e e d l e  l i k e  c r y s t a l s  
( P l a t e  7 5 ) ,  w h ic h  were shown b y  X ray s p e c t r o s c o p y  t o  he  composed o f  
c a r b o n ,  h y d r o g e n ,  o x y g e n  and c a l c i u m .
The in n e r  s u r f a c e  o f  t h e  j u i c e  s a c s  were a l s o  exam in ed  b y  
s c a n n in g  e l e c t r o n  m i c r o s c o p y .  F r e s h  j u i c e  s a c s  w ere  e m p t ied  b y  a 
s y r i n g e  and s l i t  op en  w i t h  a s c a l p e l .  The membranous t i s s u e  was  
t h e n  f r e e z e  d r i e d  o n to  sp e c im e n  s t u b s  w i t h  t h e  i n n e r  s u r f a c e  u p p e r ­
m o s t .  A f t e r  i t  h ad  b e e n  c o a t e d  i n  th e  norm al manner w i t h  a h e a v y
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m e t a l ,  e x a m in a t io n  r e v e a l e d  a s l i g h t l y  w r in k le d  s u r f a c e ,  f r e e  o f  
o t h e r  s t r u c t u r a l  f e a t u r e s  and w i t h o u t  a n y  c r y s t a l l i n e  d e p o s i t s  
( P l a t e  7 6 ) .
P h y s i c a l  and C h em ica l  C h a r a c t e r i s t i c s
I -  S i z e  o f  t h e  c r y s t a l s  i n  o r a n g e  s a m p le s
The m easurem ent o f  t h e  s i z e s  o f  t h e  c r y s t a l s  o b s e r v e d  in  t h e  
n e g a t i v e  s t a i n  p r e p a r a t i o n s  o f  t h e  v a r i o u s  o ran ge  s a m p l e s ,  r e v e a l e d  
t h a t  th e  w id t h  d im e n s io n s  w ere  a l l  l e s s  th a n  0 . 25jj m, w h i l s t  t h e  
l e n g t h s  v a r i e d  from  0 . 6  up t o  4 . 0 ^ m (T a b le  4 ) .  V i t h  t h e  e x c e p t i o n  
o f  t h e  b a s e  I s r a e l i  3 0 °  B r i x  ( sa m p le  2 ) ,  t h e  c r y s t a l s  i n  t h e  b a s e s  
w ere  s m a l l e r  th a n  t h o s e  o b s e r v e d  i n  e i t h e r  t h e  j u i c e s  o r  p r o d u c t s ,  
w h ic h  w ere  g e n e r a l l y  o f  a s i r i i i l a r  s i z e .
2 . C o n c e n t r a t io n  o f  c r y s t a l s  i n  o r a n g e  sa m p les
The number o f  c r y s t a l s  i n  10  f i e l d s  o f  v ie w  o f  a n e g a t i v e l y  
s t a i n e d  p r e p a r a t i o n  w ere  c o u n t e d ,  and t h e  mean v a l u e  was r e l a t e d  
t o  t h e  number o f  l a t e x  s p h e r e s  a l s o  n o t e d  i n  t h e  same a r e a .  T hus,  
a c o r r e c t i o n  f a c t o r  c o u ld  be  a p p l i e d  when n e c e s s a r y  t o  e n s u r e  t h a t  
e q u i v a l e n t  v o lu m e s  o f  m a t e r i a l  had b e e n  d r i e d  down o n to  t h e  g r i d .
In  p r a c t i c e  i t  was fou n d  t h a t  w i t h  c a r e  e q u i v a l e n t  v o lu m es  o f  
n e g a t i v e l y  s t a i n e d  s a m p le s  c o u ld  be a p p l i e d  t o  t h e  g r i d  and c o r r e c ­
t i o n  f a c t o r s  w ere  u n n e c e s s a r y .  The number o f  c r y s t a l s  fou n d  i n  
th e  v a r io u s  s a m p le s  a r e  l i s t e d  i n  T a b le  5 .  The r a n g e  o f  t h e  
c o n c e n t r a t i o n  o f  c r y s t a l s  i n  any g i v e n  t y p e  o f  sam p le  i . e . :  j u i c e ,  
b a s e  o r  p r o d u c t  w a s  fo u n d  t o  be q u i t e  w id e  ( e . g . :  j u i c e s  7 -  88) .
The g r e a t e s t  numbers o f  c r y s t a l s  w ere  i n  t h e  b a s e s ,  and t h e  l o w e s t  
numbers i n  th e  p r o d u c t s .
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TABLE 4 D im e n s io n s  o f  c r y s t a l s  i n  o ra n g e  sam p les  
(Mean o f  20 m e a s u r e m e n ts )
Sample W idth jj m Lengthpjm -
Orange J u i c e
I s r a e l i  1 1 °  B r i x 0 . 1 9  «  0 . 0 4 3 . 5  ± 0 . 7
I s r a e l i  4 4 °  B r i x 0 . 2 3  £  0 . 0 7 2 . 1  ±  0 .7
I s r a e l i  66°  B r i x 0 . 1 2  t  0 . 0 4 1 . 6  ±  0 .8
(Sample l )
I s r a e l i  66° B r i x 0 . 1 4  ±  0 . 0 2 2 .0  ±  0 . 7
(Sam ple 2 )
S p a n is h  55°  B r i x 0 . 1 2  ±  0 . 0 3 1 . 0 5  ±  0 . 7
S o u th  A f r i c a n  66° 0 . 1 1  t  0 .0 1 1 .1 5  A 0 . 2 6
B r i x
Orange B a s e s
I s r a e l i  3 0 °  B r i x 0 . 0 6  ±  0 .0 1 0 . 6  ±  0 . 1 4
(Sam ple l )
I s r a e l i  3 0°  B r i x 0 . 2 1  ±  0 . 1 3 4 . 0  ±  2 . 2
(Sam ple 2)
I s r a e l i  3 0 °  B r i x 0 . 0 9  ±  0 .0 5 0 .7 2  ±  0 .2
(Sample 3)
S p a n is h  2 0 0 $ 0.07  ±  0.02 0 . 6 9  ±  0 . 1 4
S p a n is h  30° B r i x 0 . 0 9  ±  0 . 0 2 0 . 8 9  ±  0 . 3 4
Orange P r o d u c t s
I s r a e l i  H igh  Cloud(HC) 0 . 1 2  t 0 .0 1 1 , 9  ±  0 . 9
I s r a e l i  Low Cloud(LC) 0 . 1 1  t  0 . 0 4 1 . 8  ±  0 . 9
I s r a e l i  HC/LC b le n d 0 . 1 2  ±  0,02 2 . 6  ±  0 .7 5
I t a l i a n  Low c lo u d (L C ) 0 . 1 1  ±  0.02 28 ±15
S p a n is h  Low c lo u d (L C ) 0 . 1 4  t 0 . 0 2 2 . 3  t 0 . 5
I s r a e l i  4  S p a n is h 0 . 1 5  ±  0 . 0 5 2 . 9  ±  1 . 4
TABLE 5 Number o f  C r y s t a l s  p r e s e n t  i n  t h e  Sample  
D i l u t e d  t o  t h e  e q u i v a l e n t  o f  11°  B r i x .
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Type No. o f  C r y s t a l s  p e r  L a te x  S p h ere  B a s i s
Orange J u i c e
I s r a e l i  1 1°  B r i x 12
I s r a e l i  4 4 °  B r i x 88
I s r a e l i  66° B r i x  
(Sample l )
7
I s r a e l i  66° B r i x  
(Sam ple 2 )
25
S p a n is h  5 5 °  B r i x 70
S o u th  A f r i c a n  66° B r i x 20
Orange B a s e s
0
I s r a e l i  30 B r i x  
(Sam ple l )
135
I s r a e l i  30° B r i x  
(Sample 2)
48
I s r a e l i  3 0 °  B r i x  
(Sam ple 3 )
90
S p a n is h  200% 96
S p a n is h  3 0 °  B r i x 22
Orange P r o d u c t s
I s r a e l i  H igh  c lo u d  (HC) 45
I s r a e l i  Low c lo u d  (LC) 9
I s r a e l i  HC/LC b le n d 24
I t a l i a n  Low c lo u d  (LC) 6
S p a n is h  Low c lo u d  (LC) 9
I s r a e l i  + S p a n is h 30
The E e l  a b s o r p t i o m e t e r  was c a l i b r a t e d  a g a i n s t  s u s p e n s i o n s  o f  
b e n t o n i t e ,  and t h e  c a l i b r a t i o n  c u r v e  a t  660 m^ i i s  shown i n  P i g .  5 .
On t h e  b a s i s  o f  t h i s  s ta n d a r d  i t  was p o s s i b l e  t o  d e t e r m in e  t h e  
r e l a t i v e  c lo u d  v a l u e s  o f  th e  v a r i o u s  ora n g e  s a m p le s ,  and r e l a t e  
t h e s e  o b s e r v a t i o n s  t o  t h o s e  o f  o t h e r  w o r k e r s  who had a d o p te d  t h e  
same s ta n d a r d  p r o c e d u r e .  The c l o u d  l e v e l s  found  i n  t h e  oran ge ,  
j u i c e s ,  b a s e s  and p r o d u c t s  a r e  l i s t e d  i n  T a b le  6 , and r e v e a l  a w id e  
ra n g e  o f  c l o u d i n e s s .  The a b s o r p t i o m e t e r  r e a d in g s  a g r e e  i n  g e n e r a l  
w i t h  t h e  co m m e r c ia l  e v a l u a t i o n  o f  t h e  sam p le  c lo u d  l e v e l .  But  
t h e  i n s t r u m e n t a l  v a l u e s  had th e  a d v a n ta g e  o f  p r o v i d i n g  a much more 
s e n s i t i v e  a s s a y ,  and g a v e  v a l u e s  f o r  s a m p le s  w h ic h  w ere  r a t e d  a s  
"normal" a l t h o u g h  j u s t  n o t i c e a b l y  d i f f e r e n t .
The t e c h n i q u e  was e q u a l l y  s u i t a b l e  f o r  t h e  e v a l u a t i o n  o f  t h e  
c lo u d  l e v e l s  on  t h e  lem on j u i c e s  (T a b le  7 ) .  Even w i t h  t h i s  some­
what l i m i t e d  ra n g e  o f  lem on j u i c e s  t h e r e  was a g a i n  good  agreem en t  
b e tw e e n  t h e  in s t r u m e n t a l  and s u b j e c t i v e  e v a l u a t i o n  o f  c l o u d  l e v e l .
The m i c r o s c o p i c a l  e x a m in a t io n  o f  th e  v a r i o u s  o ra n g e  sa m p les  
i n d i c a t e d  t h a t  one o f  t h e  m ost  s t r i k i n g l y  d i f f e r e n t  f e a t u r e s  b e tw e e n  
them  w ere  t h e  number o f  c r y s t a l s  p r e s e n t  i n  th e  c lo u d ,  and a p l o t  o f  
c lo u d  l e v e l  a g a i n s t  c r y s t a l  number, f o r  t h e  j u i c e s ,  b a s e s  and 
p r o d u c t s ,  r e v e a l e d  a l i n e a r  r e l a t i o n s h i p  ( F i g .  6 , 7 and 8 ) ,  w h ic h  
c l e a r l y  i n d i c a t e d  t h a t  th e  number o f  c r y s t a l s  p r e s e n t  i n  a j u i c e  
m ig h t  w e l l  be a s i g n i f i c a n t  f a c t o r  i n  d e t e r m in in g  c l o u d  l e v e l .  
However s i n c e  th e  p l o t  d i d  n o t  p a s s  t h r o u g h  z e r o ,  b u t  was a lw a y s  
a b ove  th e  a x i s ,  i t  was c l e a r  t h a t  t h e  c o n c e n t r a t i o n  o f  c r y s t a l s  was  
n o t  t h e  s o l e  f a c t o r  i n v o l v e d  i n  c l o u d i n e s s .
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3. Measurement of Cloud le v e l
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weight of bentonite (g)
F i g . 5 .  C a l i b r a t i o n  c u r v e  o f .  t e l  A b s o r p t i o m e t e r  u s i n g  b e n t o n i t e  
s u s p e n s i o n s  a t  6 6 0  m g .  a n d  1 c m  c e l l s .
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TABLE 6 Cloud l e v e l s  o f  ora n g e  . j u i c e s ,  b a s e s  and p r o d u c t s  
compared w i t h  c o m m e r c ia l  e v a l u a t i o n s
Type
D i l u t i o n  F a c t o r  
o f  C loud a f t e r  
C e n t r i f u g a t i o n  
a t  360 x  g
A bsorbance  R ea d in g  
a t  660 m pj
Commercial  
E v a l u a t i o n  
o f  Cloud
Orange J u i c e
I s r a e l i  1 1°  B r ix 3 2 8 .5 Normal
I s r a e l i  4 4 °  B r ix 3 97 H igh  Cloud
I s r a e l i  66° B r i x  
(Sam ple l )
3 2 6 .5 Normal
I s r a e l i  66°  B r i x  
(Sam ple 2 )
3 43 Normal
S p a n is h  55° B r i x 3 88 Good Cloud
S o u th  A f r i c a n  
66° B r i x 3 35 N o r m a l'
Orange B a s e s
I s r a e l i  3 0 °  B r i x  
(Sample l )
4 76 H igh  Cloud
I s r a e l i  3 0 °  B r i x  
(Sam ple 2 )
4 39 Normal
I s r a e l i  3 0 °  B r i x  
(Sam ple 3)
4 58 Good
S p a n is h  2 0 0 $ 4 56 Go od
S p a n is h  3 0 °  B r i x 4 28 Low Cloud
Orange P r o d u c t s
I s r a e l i  H igh  Cloud 3 28 H igh  Cloud
I s r a e l i  Low Cloud 3 14 Low C loud
I s r a e l i  HC/LC b lend 3 17 Good Cloud
I t a l i a n  Low c lo u d 3 12 Low Cloud
S p a n is h  Low c lo u d 3 14 Low Cloud
I s r a e l i / S p a n i s h 3 22 Good Cloud
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TABLE 7 C loud l e v e l  o f  lem on j u i c e s  compared t o  com m ercia l  
e v a l u a t i o n
Type
D i l u t i o n  F a c t o r  o f  
C loud  a f t e r  c e n t r i f u g a t i o n  
a t  360 x  g
A b sorb an ce  
R ea d in g  a t  
660 m jA
Commercial  
E v a l u a t i o n  
o f  Cloud
S i c i l i a n  400 HC 
1973  S e a s o n
5 54 H igh  Cloud
S i c i l i a n  400 5 27 N o r m a l .
New S i c i l i a n  
400  -  HC
5 95 V ery  H igh  
Cloud
S i c i l i a n  4 0 0  IIC 
1974  S e a s o n
5 60 H igh  Cloud
10 
or
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4 •  C h em ica l  c h a r a c t e r i s a t i o n  o f  h e s p e r i d i n  and c lo u d  c r y s t a l s
(a )  U l t r a v i o l e t  s p e c t r o s c o p y
A sam ple  o f  t h e  r e c r y s t a l l i s e d  co m m erc ia l  h e s p e r i d i n  was 
d i s s o l v e d  i n  m e th a n o l  and th e  u l t r a v i o l e t  a b s o r p t i o n  sp e c tr u m  was 
d e t e r m in e d .  The s p e c tr u m  i s  i l l u s t r a t e d  in  F i g .  9 ,  w here  i t  c a n  
be s e e n  t h a t  t h e  p r i n c i p l e  a b s o r p t i o n  o c c u r s  a t  285 my  , w i t h  a 
s m a l l  p e a k  a t  327  mjj . . The s p e c t r a l  s h i f t  o f  t h e  a l c o h o l i c  s o l u ­
t i o n  o f  h e s p e r i d i n  i n  t h e  p r e s e n c e  o f  e i t h e r  sod ium  h y d r o x id e  or  
a lu m in iu m  t r i c h l o r i d e  i s  shown i n  T a b le  8 .
TABLE 8 A b s o r p t io n  maxima o f  h e s p e r i d i n  s o l u t i o n s
S o l u t i o n  o f  h e s p e r i d i n  in A b s o r p t io n  maxima my
M ethanol 284
M ethanol p l u s  sod iu m  
h y d r o x id e
287
M eth an o l p l u s  a lu m in iu m  
t r i c h l o r i d e
308
I t  can  be s e e n  t h a t  t h e  a d d i t i o n  o f  sod ium  h y d r o x id e  p r o d u c e s  
o n l y  a s m a l l  s h i f t  i n  t h e  maxima from  285 t o  287 my , w h i l s t  t h e  
alu m in iu m  t r i c h l o r i d e  s h i f t s  t h e  maxima t o  308 my  .
The a b s o r p t i o n  s p e c tr u m  o f  t h e  c r y s t a l l i n e  m a t e r i a l  i s o l a t e d  
from o ran ge  j u i c e  c lo u d  b y  m e th a n o l  i s  shown i n  F i g ,  1 0 ,  and i t  ca n  
be s e e n  t h a t  t h e  m ain  p e a k  i s  a t  284  m^ j , w i t h  a much s m a l l e r  p eak  
a t  327 m|i. The s p e c t r a l  s h i f t s  when t h i s  m eth a n o l  e x t r a c t  was 
t r e a t e d  w i t h  sod ium  h y d r o x id e  o r  a lu m in iu m  t r i c h l o r i d e  a r e  l i s t e d  i n  
T a b le  9 .
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TABLE 9 Absorption maxima of m ethanolic e x tra c t of orange
j u i c e  c lo u d
S o l u t i o n A b s o r p t io n  maxima m p
M eth an ol a lo n e 284
M eth an o l p l u s  sod ium 287
h y d r o x id e
M eth an o l p l u s  a lu m in iu m 308
t r i c h l o r i d e
The a g reem en t  b e tw e e n  t h e  d a t a  o f  T a b le s  8 and 9 i n d i c a t e d  
t h a t  t h e  c r y s t a l l i n e  m a t e r i a l  i n  t h e  o ra n g e  j u i c e  c lo u d  was p r o b a b ly  
h e s p e r i d i n .  S i m i l a r  a n a l y s e s  on t h e  c r y s t a l s  from  t h e  c lo u d  o f  
b a s e s  and p r o d u c t s  i n d i c a t e d  t h a t  t h e y  w ere  a l s o  h e s p e r i d i n .
(b )  M e l t i n g  P o i n t
F u r th e r  c o n f i r m a t i o n  t h a t  th e  c r y s t a l s  w ere  h e s p e r i d i n  was  
o b t a i n e d  from  t h e  m e l t i n g  p o i n t  d e t e r m i n a t i o n s .  The m e l t i n g  p o i n t  
ran ge  o f  th e  r e c r y s t a l l i s e d  c o m m e r c ia l  h e s p e r i d i n  was 261 -  263°C  
and t h e  ra n g e  f o r  t h e  c r y s t a l l i n e  m a t e r i a l  e x t r a c t e d  from  j u i c e  
was fou n d  t o  be i d e n t i c a l .
5 .  Q u a n t i t a t i v e  e s t i m a t i o n  o f  h e s p e r i d i n  in  j u i c e s ,  b a s e s  and 
p r o d u c t s
A c a l i b r a t i o n  c u r v e  f o r  t h e  H e n d r ic k s o n  e t  a l . ( 1 9 5 9 )  m ethod o f  
d e t e r m i n i n g  h e s p e r i d i n  i s  shown i n  F i g .  1 1 ,  a.nd was fou n d  t o  g i v e  
a l i n e a r  r e l a t i o n s h i p  o v e r  t h e  r a n g e  0 -  400  mg o f  h e s p e r i d i n  i n  
100 m l.  o f  m e th a n o l .  The c a l i b r a t i o n  cu rv e  was o b t a i n e d  b y  d i s o l ­
v i n g  known amounts o f  r e c r y s t a l l i s e d  h e s p e r i d i n  i n  m e th a n o l  and  
n o t i n g  th e  a b so r b a n c e  d i f f e r e n c e  a t  300 and 290 mp, t h i s  f i g u r e
-  85 -
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was t h e n  p l o t t e d  a g a i n s t  t h e  known h e s p e r i d i n  c o n t e n t  o f  th e  sa m p le .
I f  a sp e c tr u m  o f  a sam ple  was o b t a i n e d  w h ic h  had an e q u a l  a b so i’b an ce  
a t  300 and 290 mjj th e n  t h i s  w ou ld  i n d i c a t e  t h a t  no h e s p e r i d i n  was  
p r e s e n t  compared w i t h  t h e  m e th a n o l  b la n k  i n  t h e  r e f e r e n c e  c e l l .
T h is  c o n t e n t i o n  was c o n f i r m e d ,  and th e  v a l i d i t y  o f  th e  a s s a y  ch e c k e d  
by d e te i -m in in g  t h e  h e s p e r i d i n  c o n t e n t  o f  a s a m p le ,  and t h e n  a d d in g  
t h i s  q u a n t i t y  o f  h e s p e r i d i n  to  t h e  m e th a n o l  i n  t h e  r e f e r e n c e  c e l l  
i n  t h e  s p e c t r o p h o t o m e t e r ,  t h e  a b s o r b a n c e  a t  300 and 290 ni|j th e n  
became e q u a l .
One o f  t h e  n o t a b l e  p r o p e r t i e s  o f  h e s p e r i d i n  i s  i t s  low s o l u ­
b i l i t y  i n  w a te r  ( l g  i n  50 l i t r e s  i n  c o l d  w a t e r ) .  H ow ever , i t  i s  
r e a d i l y  s o l u b l e  i n  a l c o h o l s ,  sod ium  h y d r o x id e  and p y r i d i n e  (Merck  
I n d e x ,  1 9 6 5 ) .  T h e r e f o r e ,  a m e th a n o l  e x t r a c t  o f  o r a n g e  j u i c e  
a s s a y e d  as  d e s c r i b e d  a b o v e  gave  a m easure  o f  th e  t o t a l  o f  b o th  
s o l u b l e  and c r y s t a l l i n e  h e s p e r i d i n .  An aqueous e x t r a c t  o f  th e  same 
o ra n g e  j u i c e  gave  a much lo w e r  v a l u e  f o r  h e s p e r i d i n  c o n t e n t ,  s i n c e  
t h i s  was m e a su r in g  o n l y  t h e  s o l u b l e  h e s p e r i d i n .  Thus b y  s u b t r a c t i n g  
th e  v a l u e  o f  an a q u eou s  e x t r a c t  from  a m eth a n o l  e x t r a c t  t h e  v a l u e  
f o r  t h e  i n s o l u b l e  (o r  c r y s t a l l i n e )  f r a c t i o n  o f  h e s p e r i d i n  was 
o b t a i n e d .  The r e s u l t s  o b t a i n e d  from  s u c h  d e t e r m i n a t i o n s  on t h e  
v a r i o u s  sa m p les  o f  j u i c e s  and b a s e s  a r e  x-ecorded i n  T a b le  1 0 .  
U n f o r t u n a t e l y ,  th e  p r o d u c t s  exam ined  d u r in g  t h e  i n i t i a l  s t a g e s  o f  
th e  p r o j e c t  had n e a r l y  a l l  form ed a s u b s t a n t i a l  " w h ite  cap" a t  t h e  
b o t to m  o f  t h e  p ack  a s  a r e s u l t  o f  p r o lo n g e d  s t o r a g e .  A n a l y s i s  o f  
t h i s  m a t e r i a l  i n d i c a t e d  t h a t  i t  was p i-ed o m in a n t ly  h e s p e i ’i d i n ,  t h e r e ­
f o r e  an a s s a y  f o r  h e s p e i ' i d i n  i n  t h e  s t o r e d  p r o d u c t s  b o r e  l i t t l e  
r e l a t i o n s h i p  t o  th e  o r i g i n a l  h e s p e r i d i n  c o n t e n t  o f  t h e  f r e s h  p r o ­
d u c t s ,  so  t h a t  t h e  p r o d u c t s  h a v e  n o t  b e e n  i n c l u d e d  i n  T a b le  1 0 .
The r e s u l t s  i n d i c a t e  t h a t  t h e r e  was l i t t l e  r e l a t i o n s h i p  b e tw een  
t h e  c l o u d  l e v e l  and t o t a l  h e s p e r i d i n  (m eth a n o l  e x t r a c t )  f o r  t h e  j u i c e s
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TABLE 10 Q u an tita tiv e  estim atio n  of h esp e rid in  in  orange samples
Type C loudr e a d in g
T o t a l  h e s p e r i d i n  
c o n t e n t  mg$ 
M eth a n o l  E x t r a c t
H e s p e r i d i n  c o n ­
t e n t  o f  
aq u eou s  
e x t r a c t  mg$
C r y s t a l l i n e  
h e s p e r i d i n  c o n ­
t e n t  mg$ 
M e th a n o l-a q u e o u s
Orange J u i c e
I s r a e l i  11° B r ix 28 120 1 1 0 10
I s r a e l i  4 4 °  B r ix 97 250 146 104
I s r a e l i  66° B r ix  
(Sample l )
26 70 60 10
I s r a e l i  66° B r i x  
(Sam ple 2 )
43 134 100 34
S p a n i s h  55°  B r i x 88 274 180 94
S o u th  A f r i c a n  
66° B r i x
35 168 145 23
Orange B a s e s
I s r a e l i  3 0 °  B r i x  
(Sam ple l )
76 220 120 100
I s r a e l i  30° B r ix  
(Sample 2 )
39 160 120 40
I s r a e l i  3 0 °  B r ix  
(Sam ple 3)
58 240 160 80
S p a n is h  200 $ 56 240 168 72
S p a n is h  3 0 °  B r ix 28 184 160 24
and b a s e s .  H ow ever, t h e  l i n e a r  r e l a t i o n s h i p  b e tw e e n  c lo u d  l e v e l  
and c r y s t a l l i n e  h e s p e r i d i n  c o n t e n t  i s  i l l u s t r a t e d  i n  F i g s .  12 and 1 3 .
6 . R e f r a c t i v e  In d ex  o f  h e s p e r i d i n
The r e f r a c t i v e  in d e x  o f  t h e  r e c r y s t a l l i s e d  h e s p e r i d i n  and some 
o f  th e  c r y s t a l s  i s o l a t e d  from  c l o u d  was found  t o  be 1 . 595 .
7 .  S o l u b i l i t y  o f  h e s p e r i d i n  i n  s y n t h e t i c  orange . ju ic e
The s o l u b i l i t y  o f  t h e  r e c r y s t a l l i s e d  h e s p e r i d i n  i n  t h e  s y n t h e t i c  
j u i c e  was found t o  be  1  g i n  50 l i t r e s  a t  room te m p e r a tu r e  and l g  i n  
5 l i t r e s  a t  7 0 °C .
8 . C h a r a c t e r i s a t i o n  o f  f r e s h  o ran ge  j u i c e
(a )  E f f e c t  o f  a g in g  t h e  j u i c e
O ranges w ere reamed b y  h a n d , t h e  j u i c e  was s t r a i n e d  and th e n  
t h e  c l o u d  f r a c t i o n  was i s o l a t e d  by c e n t r i f u g a t i o n  a t  360 x g .  The 
c lo u d  l e v e l  was rea d  on t h e  a b s o r p t i o m e t e r  and t h e  h e s p e r i d i n  c o n ­
t e n t  a s s a y e d  i n  a m e th a n o l ir a  and  aq u eou s e x t r a c t  o f  t h e  c l o u d .
A p o r t i o n  o f  t h e  c l o u d  was a l s o  n e g a t i v e l y  s t a i n e d  and a c r y s t a l  
c o u n t  d e t e r m in e d .  The rem a in d er  o f  t h e  sam p le  was ag ed  f o r  48  h ou rs  
a t  + 4°C , and t h e n  t h e  c l o u d  l e v e l ,  h e s p e r i d i n  a s s a y  and c r y s t a l  c o u n t  
r e p e a t e d .  T h is  e x p e r im e n t  was r e p e a t e d  on 3 sa m p le s  o f  j u i c e  and  
t h e  r e s u l t s  a r e  c o n t a i n e d  i n  T a b le  1 1 .
I t  can  be s e e n  t h a t  i n  t h e  f r e s h  j u i c e  t h e r e  a r e  r e l a t i v e l y  few  
c r y s t a l s  p r e s e n t ,  and fu r th e r m o r e  t h e  v a l u e s  f o r  t h e  h e s p e r i d i n  c o n ­
t e n t  i n  t h e  aqueous and m e th a n o l  e x t r a c t s  a r e  v e r y  s i m i l a r .  H ow ever,
i n  t h e  aged  j u i c e  t h e r e  i s  an  i n c r e a s e  i n  th e  number o f  c r y s t a l s
p r e s e n t ,  and t h e  h e s p e r i d i n  a s s a y  shows a marked d e c r e a s e  i n  t h e  
h e s p e r i d i n  c o n t e n t  o f  t h e  a q u eo u s  e x t r a c t ,  a l t h o u g h  t h e  v a l u e  f o r  
t h e  m e th a n o l  e x t r a c t  s t a y s  a p p r o x i m a t e l y  c o n s t a n t .  T h is  may be
-  8 8  -
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TABLE 11 The e f fe c t  of aging orange ju ic e  fo r  48 hrs a t  +4° q
SAMPLE FRESH 48 h r s
A
( 1 ) Cloud r e a d i n g  @ 660  m y ! 42 66
( 2 ) H e s p e r i d i n  c o n t e n t  o f  m e th a n o l  
e x t r a c t 165 mg# •^3 O 2 a
.
( 3 ) H e s p e r i d i n  c o n t e n t  o f  a q u eo u s  
e x t r a c t 160 mg# 1 1 0  mg#
(4 ) C r y s t a l l i n e  h e s p e r i d i n  c o n t e n t  
( 2 - 3 ) 5 mg# 60 mg#
(5 ) C r y s t a l  c o u n t 1 18
B
( 1 ) Cloud r e a d in g  @ 660 m y 50 68
( 2 ) H e s p e r i d i n  c o n t e n t  o f  m e th a n o l  
e x t r a c t 115 mg# 120  mg#
(3 ) H e s p e r i d i n  c o n t e n t  o f  a q u eo u s  
e x t r a c t 1 1 2  mg# CO 0 1
( 4 ) C r y s t a l l i n e  h e s p e r i d i n  c o n t e n t  
( 2 - 3 ) 3 mg# 40  mg#
( 5 ) C r y s t a l  c o u n t 2 12
C
( 1 ) Cloud r e a d i n g  @ 6 6 0  mjj 40 60
( 2 ) H e s p e r i d i n  c o n t e n t  o f  m e th a n o l  
e x t r a c t 140 mg# 142 mg#
(3 ) H e s p e r i d i n  c o n t e n t  o f  aq u eo u s  
e x t r a c t 135 mg# 100 mg#
( 4 ) C r y s t a l l i n e  h e s p e r i d i n  c o n t e n t  
( 2 - 3 ) 5 mg# 42 mg#
( 5 ) C r y s t a l  c o u n t 1 12
i n t e r p r e t e d  as  an i n c r e a s e  o f  t h e  c r y s t a l l i n e  p h a se  o f  h e s p e r i d i n  
on a g i n g ,  and i n  e a c h  c a s e  i s  a l s o  a ccom p an ied  by  a c o n c o m ita n t  
r i s e  i n  th e  c lo u d  l e v e l .  A f t e r  72  h r s  t h e r e  was a g r a d u a l  c l a r i ­
f i c a t i o n  o f  t h e  e lo u d  i n  th e  s a m p le s ,  and t h i s  was p r o b a b ly  due t o  
t h e  a c t i o n  o f  p e c t i n  m e th y l  e s t e r a s e .  The e x p e r im e n t  was r e p e a t e d  
e x c e p t  t h a t  a p o r t i o n  o f  t h e  f r e s h l y  e x p r e s s e d  j u i c e  was " p a s t e u r i s e d "  
b y h e a t i n g  t o  85°C f o r  5 m in u te s  u s i n g  a w a t e r  b a t h .  The r e s u l t s  
are  c o n t a i n e d  i n  T a b le  1 2 .
TABLE 12 The e f f e c t  o f  a g in g  " p a s t e u r i s e d "  oran ge  j u i c e  f o r  48  h rs  
a t  4 4 ° C
SAMPLE
Fre,
UNHEATED
3h
PASTEURISED 
85°C f o r
48  1 
UNHEATED
i r s .
PASTEURISED 
85°C f o r
5 min 5 min
A
( 1 ) Cloud r e a d in g  @ 660mp 43 43 60 60
( 2 ) H e s p e r i d i n  c o n t e n t  o f  
m e th a n o l  e x t r a c t 151 mg% 152 mg % 153 mg% 153 mg%
(3 ) H e s p e r i d i n  c o n t e n t  o f  
aq u eou s e x t r a c t 147 mg% 151 mg% 116 mg% 115 mg%
(4 ) C r y s t a l l i n e  h e s p e r i d i n  
c o n t e n t  ( 2 - 3 ) 4 mg% 1 mg$ 37 m g% 38 mg%
(5 ) C r y s t a l  Count 2 0 10 10
B
( 1 ) C loud r e a d in g  @ 660m^z 4 8 48 63 63
( 2 ) H e s p e r i d i n  c o n t e n t . o f  
m e th a n o l  e x t r a c t 161 mg% 161 mg% 162 mg% 164 mg%
( 3 ) H e s p e r i d i n  c o n t e n t  o f  
a q u eo u s  e x t r a c t 156 mg% 161 mg% 133 mg% 132 mgio j
( 4 ) C r y s t a l l i n e  h e s p e r i d i n  
c o n t e n t  ( 2 - 3 ) 5 mg% "0 29 mg % 32 mg %
(5 ) C r y s t a l  c o u n t 2 0 8 8
The r e s u l t s  w ere  s u b s t a n t i a l l y  s i m i l a r  t o  t h o s e  o b t a i n e d  u s i n g  
" u n p a s t e u r i s e d "  j u i c e  w i t h  r e g a r d  t o  an i n c r e a s e  in  c r y s t a l l i n e  
h e s p e r i d i n  and t h e  e l e v a t i o n  o f  c lo u d  l e v e l .  However t h e  major  
d i f f e r e n c e  b e tw e e n  t h e  " p a s t e u r i s e d "  and u n h e a te d  j u i c e  was t h a t  no 
c r y s t a l s  w ere  d e t e c t e d  i n  t h e  f r e s h l y  " p a s t e u r i s e d "  j u i c e ,  w h erea s  
some w ere  e v i d e n t  i n  t h e  f r e s h l y  e x p r e s s e d  j u i c e  w h ic h  had n o t  b een  
h e a t e d .  The c lo u d  o f  t h e  " p a s t e u r i s e d "  j u i c e  was a l s o  s t a b l e  w e l l  
b eyon d  72  h r s  s t o r a g e .
( b ) E x t r a c t i o n  o f  t h e  j u i c e  b y  rea m in g  or  w i t h  a h y p o d erm ic  n e e d l e
J u i c e  was e x t r a c t e d  from  an o ra n g e  e i t h e r  by i n s e r t i n g  a f i n e  
h y p od erm ic  n e e d l e  i n t o  i n d i v i d u a l  j u i c e  s a c s  or  by  c o n v e n t i o n a l  
r e a m in g .  The h e s p e r i d i n  c o n t e n t  o f  e q u i v a l e n t  v o lu m es  o f  t h i s  j u i c e  
was a s s a y e d  as  d e s c r i b e d  p r e v i o u s l y ,  and t h e  number o f  c r y s t a l s  
p r e s e n t  in  t h e  j u i c e  was d e t e r m in e d  b y  n e g a t i v e  s t a i n i n g .  The 
r e s u l t s  o b t a i n e d  from 3 o r a n g e s  a r e  l i s t e d  i n  T a b le  1 3 .  V i t h  t h e  
s y r i n g e d  sa m p les  t h e r e  was i n s u f f i c i e n t  l i q u o r  t o  o b t a i n  a c lo u d  
r e a d i n g .
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TABLE 13 H espe r i d i n  c o n t e n t  o f  j u i c e s  e x t r a c t e d  by r e a m in g  or  
hypoderm ic  s y r i n g e
Sample H e s p e r i d i n  i n  
a q u eo u s  e x t r a c t  
mg#
H e s p e r i d i n  i n  
m e th a n o l  e x t r a c t  
mg#
C r y s t a l
c o u n t
A
Reamed 120 123 1
S y r in g e d 60 60 0
B
Reamed 100 105 2
S y r in g e d 60 60 0
C
Reamed 105 1 1 0 2
S y r in g e d 80 81 0
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I t  can  be s e e n  t h a t  i n  e a c h  sam p le  exam ined th e  j u i c e  e x t r a c t e d  
w i t h  t h e  s y r i n g e  a lw a y s  c o n t a i n e d  s u b s t a n t i a l l y  l e s s  t o t a l  h e s p e r i ­
d i n  th a n  t h e  e q u i v a l e n t  reamed j u i c e .  F u r th e r m o r e ,  a l i m i t e d  
number o f  h e s p e r i d i n  c r y s t a l s  w ere  a lw a y s  d e t e c t e d  i n  t h e  reamed  
j u i c e ,  w h erea s  none w ere  d e t e c t e d  i n  t h e  s y r i n g e d  j u i c e .
( c ) H e s p e r i d i n  c o n t e n t  o f  r a g  and p u lp
O ranges w ere  hand ream ed , and t h e n  t h e  ra g  and p u lp  a d h e r in g  
t o  th e  ream er and t h e  e x t r a c t e d  h a l f  o ran ge  "cup" w ere  c o l l e c t e d .
T h is  m a t e r i a l  was t h e n  e x t r a c t e d  w i t h  m e th a n o l  or  w a t e r  f o r  10 
m in u te s  a t  room te m p e r a t u r e  e i t h e r  w i t h  o r  w i t h o u t  u l t r a s o n i c  
t r e a t m e n t .  The h e s p e r i d i n  c o n t e n t  o f  t h e  w a te r  and m e th a n o l  
e x t r a c t s  was t h e n  d e t e r m in e d ,  and t h e  r e s u l t s  o b t a i n e d  a r e  g i v e n  
i n  T a b le  1 4 .  I t  c a n  b e  s e e n  t h a t  s u b s t a n t i a l  q u a n t i t i e s  o f  h e s ­
p e r i d i n  can  be e x t r a c t e d  from  th e  r a g  and p u lp .  The a p p l i c a t i o n
o f  u l t r a s o n i c  t r e a t m e n t  d u r in g  t h e  e x t r a c t i o n  g r e a t l y  en h an ced  t h e  
q u a n t i t y  o f  h e s p e r i d i n  l i b e r a t e d .
(d )  T rea tm en t  o f  f r e s h  j u i c e  w i t h  h e s p e r i d i n a s e
O ranges w ere  hand reamed and t h e  c l o u d  f r a c t i o n  i s o l a t e d  by  
c e n t r i f u g a t i o n .  A l i q u o t s  (10 m l) o f  t h e  j u i c e  w ere  t h e n  t r e a t e d  
w i t h  2 ml o f  0 . 1$  h e s p e r i d i n a s e  g l u c o s i d a s e  a c t i v i t y )  s o l u t i o n  
or 2 ml o f  d i s t i l l e d  w a t e r  and i n c u b a t e d  a t  30°C f o r  48  h r s .  At  
t h e  end o f  t h i s  p e r i o d  t h e  c lo u d  l e v e l  and th e  c r y s t a l l i n e  h e s p e r i d i n  
c o n t e n t  o f  t h e  s a m p le s  was d e t e r m in e d .  The r e s u l t s  o f  a r e p l i c a t e  
e x p e r im e n t  u s i n g  d i f f e r e n t  b a t c h e s  o f  o r a n g e s  a r e  g i v e n  i n  T a b le  1 5 .  
I t  can  be c l e a r l y  s e e n  t h a t  t h e  t r e a t m e n t  w i t h  t h e  enzyme h a s  
r e s u l t e d  i n  a l e s s  c l o u d y  j u i c e ,  th a n  t h e  c o n t r o l  d i l u t e d  w i t h  an  
e q u i v a l e n t  volum e o f  w a t e r .  The en h an cem en t o f  t h e  c l o u d  l e v e l  o f  
t h e  c o n t r o l  o v e r  t h e  t r e a t e d  sam ple  was 20$  and 1 1 $  r e s p e c t i v e l y .
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TABLE 14 Amount o f  h e s p e r i d i n  e x t r a c t e d  from r a g  and p u lp
Sam ple mg h e s p e r i d i n / g  o f  r a g  & p u lp
A
W ith o u t  u l t r a s o n i c s 150
W ith u l t r a s o n i c s 250
B
W ith o u t  u l t r a s o n i c s 250
With u l t r a s o n i c s 312
TABLE 15 Cloud l e v e l  and h e s p e r i d i n  c o n t e n t  o f  . j u ic e s  t r e a t e d  
w i t h  h e s p e r i d i n a s e
Sample Cloud r e a d i n g  @ 660 m y .
H e s p e r id in  
c o n t e n t  mg#
A
Enzyme t r e a t e d 7 0 5
C o n tr o l 84 15
B
Enzyme t r e a t e d 79 2 . 5
C o n tr o l 88 7
H ow ever, i n  b o t h  c a s e s  a l i m i t e d  amount o f  c r y s t a l l i n e  h e s p e r i d i n  
was p r e s e n t  in  th e  enzyme t r e a t e d  j u i c e  and t h i s  w ou ld  i n d i c a t e  t h a t  
t h e  enzyme had n o t  b e e n  t o t a l l y  e f f e c t i v e  i n  p r e v e n t i n g  h e s p e r i d i n  
c r y s t a l l i s a t i o n .
9 .  H e s p e r i d i n  c o n t e n t  o f  Lemon j u i c e s
The c lo u d  l e v e l  and h e s p e r i d i n  c o n t e n t  o f  an a q u eou s  and m e th a n o l  
e x t r a c t  o f  th e  c l o u d  f r a c t i o n  o f  t h e  lem on j u i c e s  was d e t e r m in e d ,  and 
t h e  r e s u l t s  a r e  g i v e n  i n  T a b le  1 6 .
TABLE 16 H e s p e r i d i n  c o n t e n t  o f  lemon j u i c e s
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Sample
Cloud  
L e v e l  
@ 660m|i
H e s p e r i d i n  
C o n te n t  o f  
m e th a n o l  
e x t r a c t
H e s p e r i d i n  
C o n te n t  o f  
aqueous  
e x t r a c t
C r y s t a l l i n e  
H e s p e r i d i n  
c o n t e n t  
m eth a n o l  
minus w a te r
S i c i l i a n  400  H.C.  
( 1 9 7 3 )
54 280 mg$ 140 mg$ 140  mg$
S i c i l i a n  400 27 50 mg$ 50 mg$ o 3 fc
New S i c i l i a n  
400 H.C.
95 130  mg$ 20 mg$ - 1 1 0  mg$
S i c i l i a n  400  
H .C . 1974
60 250 mg$ 100 mg$ 150  mg$
I t  can  b e  s e e n  t h a t  no g e n e r a l  c o r r e l a t i o n  b e tw e e n  h e s p e r i d i n  
c r y s t a l s  and c lo u d  l e v e l  e x i s t s  f o r  t h e s e  f o u r  s a m p l e s .  W ith  two 
o f  t h e  s a m p le s  r e l a t i v e l y  h i g h  L v e l s  o f  h e s p e r i d i n  a r e  a s s o c i a t e d  
w i t h  p r o d u c t s  o f  h i g h  c lo u d  l e v e l .  The new S i c i l i a n  4 0 0  HC w h ic h  
e x h i b i t s  an  o u t s t a n d i n g l y  h ig h  c lo u d  l e v e l  a p p e a r s  t o  c o n t a i n  no 
h e s p e r i d i n .  The e x a m in a t io n  o f  t h i s  p r o d u c t  by  l i g h t  m ic r o s c o p y
i n d i c a t e d  t h a t  i t  was v i r t u a l l y  e n t i r e l y  composed o f  o i l  d r o p l e t s ,  
and as  su c h  was a t y p i c a l  o f  t h e  t h r e e  o t h e r  p r o d u c t s .
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DISCUSSION
The s t r u c t u r a l  s t u d i e s  p er fo rm ed  d u r in g  t h e  c o u r s e  o f  t h i s  
work c l e a r l y  i n d i c a t e  t h a t  c o n s i d e r a b l e  in f o r m a t i o n  can  he o b t a in e d  
from  t h e  j u d i c i o u s  a p p l i c a t i o n  o f  e l e c t r o n  m ic r o s c o p y  t e c h n i q u e s  
t o  f o o d s t u f f s .  H ow ever, i t  i s  c l e a r  t h a t  no one s i n g l e  p r e p a r a t i v e  
t e c h n i q u e  was c a p a b le  o f  p r o v i d i n g  a l l  t h e  s t r u c t u r a l  i n f o r m a t i o n  
and i t  was n e c e s s a r y  t o  com bine th e  r e s u l t s  o f  t h i n  s e c t i o n i n g ,  
n e g a t i v e  s t a i n i n g ,  f r e e z e  e t c h i n g  and s c a n n in g  e l e c t r o n  m ic r o s c o p y .
I t  was n e c e s s a r y  t o  u s e  s e v e r a l  p r o c e d u r e s  b e c a u s e  t h e  r i g o u r s  o f  
s p e c im e n  p r e p a r a t i o n  can  l e a d  t o  t h e  l o s s  o f  c e r t a i n  c o n s t i t u e n t s  
from  t h e  t i s s u e  o r  t h e  f o r m a t i o n  o f  a r t i f a c t s .
The c u r r e n t  t e c h n i q u e s  f o r  e l e c t r o n  m ic r o s c o p y  have o b v i o u s l y  
b e e n  e v o l v e d  t o  m in im is e  t h e  a r t i f a c t  p r o b le m . N e v e r t h e l e s s ,  t h e r e  
a r e  s t i l l  d i f f i c u l t  a r e a s  and t h e s e  have b een  e x p e r i e n c e d  d u r in g  t h i s  
w ork . One o f  t h e  m ajor d i f f i c u l t i e s  i n  th e  t h i n  s e c t i o n i n g  t e c h n iq u e  
i s  t h e  f i x a t i o n  and em b ed d in g  o f  t h e  s a m p le .  The t i s s u e  must be  
r e n d e r e d  i n s o l u b l e  and t h e n  s u i t a b l y  embedded in  a s u p p o r t i n g  medium, 
w i t h  t h e  minimum o f  c o n f o r m a t i o n a l  and s t r u c t u r a l  d e f o r m a t i o n .  The 
u s e  o f  g lu ta r .a ld e h y d e  ( S a b a t i n i ,  Ben.sch and B a r n e t t ,  1 9 6 3 )  and 
osmium t e t r o x i d e  ( P a l a d e , 1 9 5 2 ) a s  f i x a t i v e s  works w e l l  f o r  m ost  
b io p o ly m e r s  su ch  a s  p r o t e i n s ,  c a r b o h y d r a t e s  and n u c l e i c  a c i d s ,  b u t  
th e  f i x a t i o n  o f  l i p i d s  i s  n o t o r i o u s l y  d i f f i c u l t .  B u f f e r e d  osmium  
t e t r o x i d e  i s  th e  m o st  e f f e c t i v e  f i x a t i v e  f o r  l i p i d  a v a i l a b l e  a t  t h i s  
t i m e .  I t  i s  c o n s i d e r e d  t h a t  th e  osmium b in d s  t o  t h e  u n s a t u r a t e d  
d o u b le  bonds i n  f a t t y  a c i d s  t o  form  an osm ate e s t e r  and so  r e n d e r  t h e  
f a t  i n s o l u b l e  (Hofmann, 1 9 1 2 ) .  O th er  m echanism s f o r  t h e  a c t i o n  o f  
osmium h a v e  b e e n  c o n s i d e r e d  and an a l t e r n a t i v e  v ie w  ( S j o s  brand, 1 9 5 9 ,  
S t o e c k e n i u s ,  1 9 5 9 )  c o n s i d e r s  t h a t  t h e  osmium becom es a s s o c i a t e d  w i t h  
t h e  p o l a r  end o f  t h e  l i p i d .  Once t h e  t i s s u e  h a s  b e e n  f i x e d  th e  sam ple
must be d e h y d r a t e d  p r i o r  t o  em bedding i n  a p l a s t i c  r e s i n .  Cope 
and W i l l ia m s  ( 1 9 6 9 )  have  show n, u s i n g  r a d io  c h e m i c a l l y  l a b e l l e d  model  
l i p i d  s y s t e m s ,  t h a t  i n  some c a s e s  t h e  l o s s  o f  l i p i d  can be a s  h ig h  as  
9 0 #  i n  t h e  d e h y d r a t i o n  and em bedding s t a g e s ,  e v e n  a f t e r  f i x a t i o n  w i t h  
osmium t e t r o x i d e .
A n o th e r  a r t i f a c t  w h ich  i s  r e l a t e d  t o  b o t a n i c a l  s p e c im e n s  i s  t h e  
p r o b le m  o f  c o m p r e s s io n  o f  t h e  c e l l  w a l l  d u r in g  t h e  c u t t i n g  o f  t h e  
s e c t i o n .  Cox ( 1 9 6 9 )  h a s  shown t h a t  t h e  c o m p r e s s io n  m arks, w h ic h  ten d  
t o  t r a v e r s e  t h e  c e l l  w a l l ,  are  c a u se d  d u r in g  th e  c u t t i n g  a c t i o n ,  and 
are  s i m i l a r  i n  a p p e a r a n c e  t o  t h e  p lasm adesm a w h ich  a r e  t r u e  s t r u c t u r a l  
e n t i t i e s  t h a t  c r o s s  t h e  c e l l  w a l l .  I t  was found  d u r i n g  t h i s  p r o j e c t  
t h a t  some o f  t h e  f r e s h  t i s s u e s  w ere  v e r y  d i f f i c u l t  t o  s e c t i o n .  The 
w a l l s  o f  th e  a lb e d o  and seg m en t  membrane f r e q u e n t l y  c o n t a i n e d  f o l d s  
and c o m p r e s s io n  a r t i f a c t s  o f  t h e  t y p e  d e s c r i b e d  a b o v e .
A n o th e r  p rob lem  w h ic h  was s p e c i f i c  t o  t h i s  r e s e a r c h  was th e  
o b s e r v a t i o n  t h a t  c r y s t a l l i n e  h e s p e r i d i n  was n e v e r  o b s e r v e d  i n  a n y  o f  
t h e  s e c t i o n s .  T h is  may p r o b a b ly  be e x p l a i n e d  b y  t h e  f a c t  t h a t  h e s ­
p e r i d i n  i s  r e a d i l y  s o l u b l e  i n  a l c o h o l ,  and t h u s  i s  p r o b a b ly  l o s t  
d u r in g  t h e  d e h y d r a t i o n  s t a g e  o f  s p e c im e n  p r e p a r a t i o n .
W ith  t h e  i n t r o d u c t i o n  o f  t h e  f r e e z e  e t c h i n g  t e c h n i q u e  ( S t e e r e ,  
1 9 5 7 )  i t  was a n t i c i p a t e d  t h a t  a r t i f a c t s  from f i x a t i o n  d e h y d r a t i o n  and 
em bedding c o u ld  be a v o i d e d .  H ow ever , a s  i n d i c a t e d  i n  t h e  i n t r o d u c ­
t i o n  t o  t h i s  t h e s i s ,  a l t h o u g h  some o f  t h e  p rob lem s a s s o c i a t e d  w i t h  
t h i n  s e c t i o n i n g  can  be a v o id e d  a w h o le  range o f  a r t i f a c t s  s p e c i f i c  
t o  f r e e z e  e t c h i n g  have b e e n  r e c o g n i s e d .  Of t h e s e ,  t h e  two m ost  
im p o r ta n t  p ro b lem s a r e  p r o b a b ly  th e  f o r m a t io n  o f  i c e  c r y s t a l s  d u r in g  
t h e  f r e e z i n g  s t a g e ,  and d e p o s i t i o n  o f  c o n ta m in a n ts  from  t h e  vacuum  
s y s t e m  on to  t h e  s p e c im e n  p r i o r  t o  f o r m a t io n  o f  t h e  x - e p l i c a .  I f  
r e l a t i v e l y  l a r g e  i c e  c r y s t a l s  a r e  form ed  d u r in g  f r e e z i n g  t h e s e  may 
d i s t o r t  or  o b l i t e r a t e  th e  f i n e  s t r u c t u r e  o f  th e  s a m p le .  T h is
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p rob lem  may be m in im ised , b y  t h e  u s e  o f  a s u i t a b l e  c r y o p r o t e c t a n t ,
and d u r in g  t h e  c o u r s e  o f  t h i s  work i t  w as found t h a t  a h i g h  l e v e l  
o f  s o l u b l e  s o l i d s  ( i . e .  g r e a t e r  th a n  4 4 °  B r i x )  f u n c t i o n e d  a s  an  
e f f i c i e n t  c r y o p r o t e c t a n t , I f  th e  s u r f a c e  o f  t h e  sam p le  becom es  
c o v e r e d  w i t h  c o n ta m in a n ts  from  t h e  vacuum s y s te m  t h e s e  may w e l l  be  
i n t e r p r e t e d  as  t r u e  s t r u c t u r e s  r a t h e r  th a n  a d h e r in g  c o n t a m in a n t s .
T h is  p rob lem  may be m in im is e d  b y  e n s u r i n g  t h a t  t h e  vacuum s y s te m  
i s  c l e a n  and w e l l  t r a p p e d  w i t h  l i q u i d  n i t r o g e n  t o  p r e f e r e n t i a l l y ,  
c o n d e n se  t h e  vacuum o i l  c o n t a m in a n t s .
D e s p i t e  t h e  p ro b lem s  l i s t e d  a b o v e ,  t h e  f r e e z e  e t c h i n g  t e c h n i q u e  
h a s  become a m ost u s e f u l  com plem ent t o  t h i n  s e c t i o n i n g .  The r e s u l t s  
o b t a i n e d  d u r in g  t h i s  i n v e s t i g a t i o n  h a v e  shown t h a t  f r e e z e  e t c h i n g  i s  
th e  i d e a l  m ethod  f o r  o b s e r v i n g  t h e  o i l  d r o p l e t s  and h e s p e r i d i n  c r y s t a l s  
fou n d  i n  oran ge  j u i c e ,  s i n c e  i t  i s  p r o b a b le  t h a t  b o th  t h e s e  c o n s t i ­
t u e n t s  w i l l  h e  s o l u b i l i s e d  d u r in g  c o n v e n t i o n a l  t h i n  s e c t i o n i n g .
The m ajor a r t i f a c t  a s s o c i a t e d  w i t h  n e g a t i v e  s t a i n i n g  i s  t h e  
p o s s i b l e  c o l l a p s e  and d i s t o r t i o n  o f  th e  sam ple  d u r in g  t h e  d r y i n g  
down s t a g e .  A n o th er  p a r t i c u l a r  p rob lem  e n c o u n t e r e d  d u r in g  t h i s  
w ork was t h e  f o r m a t io n  o f  s p u r i o u s  im ages  i n  t h e  n e g a t i v e  s t a i n  
p r e p a r a t i o n s ,  due t o  t h e  v o l a t i l i t y  o f  c e r t a i n  c o n s t i t u e n t s  d e p o s i t e d  
o n to  t h e  s p e c im e n  g r i d .  H ow ever, t h e  n e g a t i v e  s t a i n i n g  p r o c e d u r e  
was u s e d  i n  t h i s  i n v e s t i g a t i o n  p r i m a r i l y  f o r  t h e  q u a n t i t a t i v e  a s s e s s ­
ment o f  t h e  h e s p e r i d i n  c o n t e n t  o f  t h e  s a m p le s ,  and s h o u ld  have p r o v e d  
a d e q u a te  f o r  su c h  p u r p o s e s .
The f o r e g o i n g  comments i n d i c a t e  t h a t  c a u t i o n  m ust be e x e r c i s e d  
when i n t e r p r e t i n g  t h e  r e s u l t s  from  e l e c t r o n  m i c r o s c o p y ,  and due con ­
s i d e r a t i o n  g i v e n  t o  p o t e n t i a l  a r t i f a c t s .
The f i n e  s t r u c t u r a l  c h a n g es  a s s o c i a t e d  w i t h  t h e  p r o c e s s i n g  o f  
f o o d  d e r i v e d  from p l a n t  m a t e r i a l s  h a s  b e e n  s t u d i e d  by  r e l a t i v e l y  few  
w o r k e r s .  As was m e n t io n e d  i n  t h e  i n t r o d u c t i o n ,  t h e  main s y s t e m s
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s t u d i e d  have  b e e n  f r e e z i n g  ( B a s s i  and C r i v e l l i  1 9 6 8 ;  1 9 6 9 ) ,  p i c k l i n g
( S a x to n  and J e w e l l ,  1 9 6 9 ;  J e w e l l  1 9 7 2 b )  and more r e c e n t l y  b la n c h i n g  
(Mohr, 1 9 7 4 ) ,  A l l  o f  t h e s e  w o r k e r s  have  o b s e r v e d  th e  d e s t r u c t i o n  and  
d e g r a d a t i o n  o f  c e l l u l a r  o r g a n e l l e s ,  t h e  breakdown o f  th e  t o n o p l a s t ,  
th e  r u p tu r e  o f  t h e  p lasm alem m a, and in  some i n s t a n c e s  l o s s  o f  c e l l  
w a l l  c o n s t i t u e n t s .  In  more c o n v e n t i o n a l  b o t a n i c a l  m a t e r i a l s  t h e  
l o s s  o f  f i n e  s t r u c t u r e  h a s  b e e n  o b s e r v e d  i n  s t u d i e s  on s e n e s c e n c e ,  
r i p e n i n g  and p a r a s i t i c  i n f e c t i o n s .  The u l t r a s t r u c t u r a l  ch a n g es  
a s s o c i a t e d  w i t h  s e n e s c e n c e  o f  c o t y l e d o n s  and l e a v e s  h a s  b e e n  d ocu — 
m ented b y  am ongst o t h e r s  Shaw and Manocha (1 9 6 5 )  and B u t l e r  ( 1 9 6 7 ) .  
G e n e r a l  a s p e c t s  o f  s e n e s c e n c e  i n  p l a n t s  h a v e  b e e n  r e v ie w e d  by B u t l e r  
and Simon ( 1 9 7 1 )  and t h e y  have  c o n c lu d e d  t h a t  t h e  d e g e n e r a t i o n  and  
d e a t h  o f  t h e  c e l l  f o l l o w s  a c h a r a c t e r i s t i c  and r e p e a t a b l e  p a t t e r n .
The f i r s t  d e t e c t a b l e  c h a n g e s  a r e  u s u a l l y  a d e c r e a s e  i n  t h e  number o f  
r ib o s o m e s  and t h e  s t a r t  o f  c h l o r o p l a s t  breakdow n. The f r e e  r ib o so m e s  
a re  t h e  f i r s t  t o  d i s a p p e a r  f o l l o w e d  b y  t h o s e  a t t a c h e d  t o  t h e  en d o­
p la s m ic  r e t i c u l u m .  The c h l o r o p l a s t  s tom a d i s a p p e a r s ,  t h e  t h y l a k o i d s  
s w e l l  and d i s i n t e g r a t e ,  and t h e r e  i s  a marked i n c r e a s e  i n  t h e  number 
and s i z e  o f  o s m i o p h i l i c  g l o b u l e s .  In  some i n s t a n c e s  t h e  m i t o c h r o n d r ia  
show e v id e n c e  o f  s w e l l i n g  and a r e d u c t i o n  i n  th e  number o f  c r i s t a e .
The e n d o p la s m ic  r e t i c u l u m  s w e l l s ,  v e s i c u l a t e s  and t h e n  d i s a p p e a r s ,  
as  do t h e  G o lg i  a p p a r a t u s .  The t o n o p l a s t  membrane b r e a k s  down and  
e v e n t u a l l y  t h e  plasmalemma r u p t u r e s  a s  w e l l .  The n u c l e u s  rem ain s  
r e l a t i v e l y  s t a b l e ,  b u t  a t  a l a t e  s t a g e  t h e  n u c l e a r  membrane, v e s i c u ­
l a t e s  and b r e a k s  down and t h e  c h r o m a t in  s h r in k s  and d i s a p p e a r s .
S i m i l a r  c h a n g e s  i n  f i n e  s t r u c t u r e  were n o te d  b y  B a in  and M ercer  
(1 9 6 4 )  d u r in g  t h e  r i p e n i n g  o f  p e a r s .  They n o t e d  i n  p a r t i c u l a r  t h e  
o c c u r e n c e  o f  o s m i o p h i l i c  d r o p l e t s  a s s o c i a t e d  w i t h  th e  d e g r a d a t i o n  o f  
c h l o r o p l a s t s . V r i s c h e r  ( 1 9 6 5 ) a l s o  n o t e d  t h a t  p r e s s u r e  011 p l a n t  
t i s s u e  r e s u l t e d  i n  an i n c r e a s e  i n  t h e  number o f  o s m i o p h i l i c  d r o p l e t s
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i n  c h l o r o p l a s t s  and c h r o m o p l a s t s .
F ro m 'th e  d i s c u s s i o n  above i t  i s  o b v io u s  t h a t  w i t h  an i n t a c t  
t i s s u e ,  th e  p r o c e s s  o f  t h e  d e a t h  o f  t h e  c e l l  may be s t u d i e d ,  and a 
number o f  w e l l  c h a r a c t e r i s e d  c h a n g e s  o b s e r v e d .  H ow ever , when th e  
d e a t h  o f  t h e  c e l l s  o c c u r s  by  a d r a s t i c  and r e l a t i v e l y  r a p id  p r o c e d u r e  
s u c h  as  e x t r a c t i n g  j u i c e  from  an oran ge  by r e a m in g ,  no s u c h  g r a d u a l  
c h a n g es  can be o b s e r v e d .  I n s t e a d ,  one must r e l y  on a k n ow led ge  o f  
t h e  f r e s h  t i s s u e  o r g a n i s a t i o n  i n  an a t t e m p t  t o  r e c o g n i s e  th e  o r i g i n  
o f  t h e  c e l l u l a r  d e b r i s  i n  an e x t r a c t e d  j u i c e .
The r e s u l t s  c o n t a i n e d  w i t h i n  t h i s  t h e s i s  i n d i c a t e  t h a t  t h e  c e l l s  
o f  t h e  f l a v e d o  and th e  o u t e r  c e l l s  o f  t h e  j u i c e  s a c  e x h i b i t e d  good  
c e l l u l a r  p r e s e r v a t i o n .  T h is  w ou ld  i n d i c a t e  t h a t  t h e  f i x a t i o n  p r o c e ­
dure  was a d e q u a t e .  On t h e  b a s i s  o f  t h e  p r e m is e  o f  an a c c e p t a b l e  
f i x a t i o n  r e g im e ,  th e  l a c k  o f  f i n e  s t r u c t u r e  i n  t h e  c e l l s  o f  t h e  a l b e d o ,  
seg m en t  membrane and in n e r m o s t  c e l l s  o f  t h e  j u i c e  s a c  w o u ld  t e n d  t o  
s u g g e s t  t h a t  t h i s  l o s s  o f  u l t r a s t r u c t u r a l  d e t a i l  m ig h t  he  r e l a t e d  t o  
a g e n e r a l  d e g r a d a t i o n  o f  c e r t a i n  c e l l s  d u r in g  th e  r i p e n i n g  p r o c e s s .
The o b s e r v a t i o n s  o f  p a r t i c u l a r  i n t e r e s t  from  t h e  t h i n  s e c t i o n s  
w ere  t h e  s tx -u c tu r e  o f  t h e  c h r o m o p la s t s  and t h e  n a t u r e  o f  t h e  c e l l  
w a l l s  o f  some o f  t h e  c e l l s .  The s t r u c t u r e  o f  t h e  c h r o m o p la s t  h as  
b e e n  d e s c r i b e d  b y  F i y  W y s s l i n g  and M u h le t h a le r  ( 1 9 6 5 )  who c o n s i d e r e d  
t h a t  c h r o m o p la s t s  may be d e i - iv e d  from  d e g r a d e d  c h l o r o p l a s t s .  The 
c h a r a c t e r i s t i c  f e a t u r e  o f  c h r o m o p la s t s  (a p a r t  from  t h e i r  c o l o u r )  when  
v ie w e d  i n  t h i n  s e c t i o n  i s  t h e  abundance o f  o s m i o p h i l i c  g l o b u l e s  and  
membrane r e m n a n ts .  T h is  s t u d y  c o n f ir m e d  t h a t  t h i s  ty p e  o f  s t r u c t u r e  
was a l s o  t y p i c a l  o f  oran ge  c h r o m p l a s t s .
The d i s t i n c t i v e  a p p e a r a n c e  o f  t h e  c e l l  w a l l s  o f  t h e  j u i c e  s a c  
e n a b le d  a p r e c i s e  i d e n t i f i c a t i o n  o f  t h i s  m a t e r i a l  i n  e x t r a c t e d  j u i c e .  
The o u te x 1 c e l l  was c o v e r e d  i n  an o s m i o p h i l i c  c u t i c l e  l a y e r  and as s u c h  
c o u ld  he r e a d i l y  r e c o g n i s e d .  The f i n e  s t r u c t u r e  o f  p l a n t  c u t i c l e s
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h a s  b e e n  s t u d i e d  by  Chafe and Y ardrop  ( 1 9 7 3 ) ,  t h e y  n o t e d  a l a m e l l a r  
a p p ea ra n o e  o f  t h e  o u t e r  l a y e r  o f  some c u t i c l e s  and t h i s  s t r u c t u r e  
was a l s o  o b s e r v e d  on c e r t a i n  o f  t h e  j u i c e  s a c  c u t i c l e s .  P r o b a b ly  t h e  
m ost s t r i k i n g  a s p e c t  o f  t h e  j u i c e  s a c  c e l l  w a l l s  w ere  t h e  e x t r e m e l y  
t h i n  w a l l  s t r u c t u r e s  o b s e r v e d  i n  t h e  i n n e r  m ost c e l l s  o f  t h e  s a c .
T h ese  w a l l s  w ere  so  t h i n  (10  -  30 nm t h i c k )  t h a t  i n i t i a l l y  t h e y  w ere  
r e g a r d e d  as  membranes r a t h e r  th a n  c e l l  w a l l s .  I n d e e d ,  t h e  g e n e r a l l y  
a c c e p t e d  d im e n s io n s  f o r  t h e  u n i t  b i m o l e c u l a r  l i p i d  l e a f l e t  membrane 
i s  7 . 5  -  10 nm, w i t h  a d o u b le  membrane b e i n g  15 -  20 nm ( R o b e r t s o n ,  
1 9 5 9 ) .  H ow ever, b y  t r a c i n g  t h e s e  w a l l s  b a c k  t o  t h e i r  o r i g i n  from  
th e  somewhat t h i c k e r  o u t e r  c e l l  w a l l s  i t  became o b v io u s  t h a t  t h e s e  
s t r u c t u r e s  ap p ea r  t o  be a c t u a l  c e l l  w a l l  m a t e r i a l .  The r e a s o n  why 
t h e s e  w a l l s  s h o u ld  be so t h i n  i s  n o t  a t  a l l  c l e a r .  Prom t h e i r  
d im e n s io n s  ( i . e . :  10  -  30 nm t h i c k )  one w ould  c o n c lu d e  t h a t  compared  
w i t h  n orm al w a l l s  ( o f  0 .5  -  2 . 0 | jm  t h i c k n e s s )  t h e s e  t h i n  w a l l s  w ou ld  
n o t  be c a p a b le  o f  g r e a t  m e c h a n ic a l  s t r e n g t h ,  and a s  su c h  w o u ld  p r o v id e  
l i t t l e  s t r u c t u r a l  s u p p o r t  f o r  t h e  t i s s u e .  T h e r e f o r e ,  i t  seem s p r o b a b le  
t h a t  t h e  m ain  f u n c t i o n  o f  t h e s e  w a l l s  i s  t o  c o m p a r t m e n t a l i s e  t h e  j u i c e  
s a c ,  and a s  s u c h  no g r e a t  m e c h a n ic a l  r i g i d i t y  w o u ld  be r e q u i r e d .
In  c o n t r a s t  t o  t h e  v e r y  t h i n  w a l l s ,  o f  t h e  j u i c e  s a c ,  t h e  w a l l s  
o f  t h e  a lb e d o  w ere e x t r e m e l y  t h i c k .  T h is  somewhat c h a r a c t e r i s t i c  
a p p e a r a n c e  was a g a i n  o f  c o n s i d e r a b l e  u s e  i n  i d e n t i f y i n g  t h e  o r i g i n  o f  
t h e  v a r i o u s  t i s s u e s  i n  t h e  com m inuted b a s e s .  S een  from  a d i f f e r e n t  
s t a n d p o i n t ,  i f  a j u i c e  was fo u n d  t o  c o n t a i n  a l a r g e  number o f  c e l l  
w a l l s  t y p i c a l  o f  t h e  a l b e d o ,  i t  w o u ld  i n d i c a t e  t h a t  th e  j u i c e  was n o t  
s t r i c t l y  s p e a k in g  g e n u in e  s i n c e  some p e e l  t i s s u e  had b e e n  a d d ed .
T hus, t h e  a b i l i t y  to c h a r a c t e r i s e  t h e  v a r i o u s  t i s s u e  t y p e s  p r e s e n t  i n  
j u i c e s  and b a s e s  may he a b le  t o  make a c o n t r i b u t i o n  t o  t h e  p ro b lem  o f  
v e r i f i c a t i o n  o f  j u i c e  a u t h e n t i c i t y .
The u n u s u a l  s t r u c t u r e s  o b s e r v e d  i n  t h e  n e c k  r i n g s  on t h e  p r o d u c t s
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w ere  i n t e r e s t i n g  from  two s t a n d p o i n t s .  F i r s t ,  t h e  o b s e r v a t i o n  t h a t  
b a s e s  p r e p a r e d  u s i n g  d i f f e r e n t  p r o c e s s e s  gave n e c k  r i n g s  w i t h  d i f f e r ­
e n t ,  s t r u c t u r e s  . S e c o n d l y ,  t h e  o r i g i n  o f  th e  d r o p l e t s  fo u n d  i n  t h e  
n e c k  r i n g s .  An u n d e r s t a n d i n g  o f  th e  o r i g i n  o f  t h e  d r o p l e t s ,  m ig h t  
w e l l  e x p l a i n  why d i f f e r e n t  p r o c e s s e s  g i v e  d i f f e r e n t  t y p e s  o f  d r o p l e t s ,  
In  g e n e r a l  term s from t h e i r  a p p e a r a n c e  and s t a i n i n g  c h a r a c t e r i s t i c s  
w i t h  osmium t e t r o x i d e  one w ou ld  c o n c lu d e  t h a t  t h e  d r o p l e t s  a r e  com­
p o s e d  o f  l i p i d .  The t y p e  o f  d r o p l e t s  t y p i f i e d  i n  P l a t e  49  show a 
c l o s e  m o r p h o lo g ic a l  s i m i l a r i t y  t o  t h e  c h r o m o p la s t s  as i l l u s t r a t e d  
on P l a t e  30 , T h is  w o u ld  t e n d  t o  i n d i c a t e  t h a t  t h e s e  d r o p l e t s  m ig h t  
he d e r i v e d  from  c h r o m o p l a s t s .  T h is  p o s t u l a t e  w ou ld  seem r e a s o n a b l e  
s i n c e  by  t h e i r  l i p i d  c o n t e n t  t h e  d e n s i t y  o f  t h e s e  d r o p l e t s  w o u ld  he  
c o n s i d e r a b l y  l e s s  t h a n  t h e  d e n s i t y  o f  t h e  aqueous p h ase  o f  t h e  p r o d u c t .  
And t h u s  on s t o r a g e  t h e y  w o u ld  t e n d  t o  s e p a r a t e  t o  t h e  t o p  o f  th e  
c o n t a i n e r .  F u r th e r m o r e ,  th e  v i s u a l  a p p e a r a n c e  o f  t h e  n e c k  r i n g s  
i s  f r e q u e n t l y  o f  an i n t e n s e l y  o ra n g e  c o l o u r e d  l a y e r  and a g a i n  t h i s  
w ould  b e  c o m p a t ib le  w i t h  t h e  c o n c e p t  t h a t  th e  r i n g  was r i c h  i n  ch rom o-  
p l a s t  m a t e r i a l .  The o t h e r  ty p e  o f  d r o p l e t  a s  i l l u s t r a t e d  i n  P l a t e  
5 2 ,  a p p e a r s  t o  be bounded  b y  a d i s t i n c t  membrane s t r u c t u r e .  The 
l i m i t i n g  membrane was c o n f ir m e d  b y  f r e e z e  e t c h i n g .  R e l a t i v e l y  few  
d i s c r e t e  membrane bound d r o p l e t s  w ere  o b s e r v e d  i n  t h e  f r e s h  t i s s u e ,  
a l t h o u g h  numerous membrane bound v e s i c l e s  w ere  n o t e d  i n  t h e  e x t r a c t e d  
j u i c e .  T h e r e f o r e ,  th e  n e c k  r i n g  d r o p l e t s  m ig h t  have  o r i g i n a t e d  from  
th e  membrane bound v e s i c l e s  form ed d u r in g  th e  d i s i n t e g r a t i o n  o f  t h e  
t i s s u e .  I t  i s  a f a i r l y  common c o m m e r c ia l  p r a c t i c e  d u r in g  th e  form u­
l a t i o n  o f  d r in k s  t o  add e x t r a  ora n g e  o i l  i n  o r d e r  t o  en h an ce  t h e  
f l a v o u r  o f  th e  p r o d u c t .  I t  i s  t h e r e f o r e  f e a s i b l e ,  t h a t  some o f  t h i s  
added o i l  may become membrane bound e i t h e r  w i t h  n a t u r a l  membranes or  
added e m u l s i f y i n g  a g e n t s  and so p ro d u ce  some n e c k  r i n g  d r o p l e t s .
-  105 »
As was m e n t io n e d  e a r l i e r  i n  t h i s  t h e s i s  t h e  p r e c i s e  d e t a i l s  
o f  b a s e  m a n u fa c tu r e  are  r e g a r d e d  as  c o n f i d e n t i a l  i n f o r m a t i o n .  Thus 
one can o n l y  s p e c u l a t e  t h a t  t h e  d i f f e r e n c e s  w i t h i n  t h e  mode o f  p r e ­
p a r a t i o n  m ig h t  w e l l  g i v e  r i s e  t o  a b a s e  w h ic h  i s  r e l a t i v e l y  r i c h  i n  
l i b e r a t e d  c h r o m o p la s t  m a t e r i a l  or  a b a s e  r e l a t i v e l y  d e f f i c i e n t  i n  f r e e  
c h r o m o p la s t  m a t e r i a l .  W hence, p r o d u c t s  from t h e  fo r m e r  b a s e  w ou ld  
c o n t a i n  p r e d o m in a n t ly  c h r o m o p la s t  m a t e r i a l  i n  th e  n e c k  r i n g ,  and  
p r o d u c t s  from t h e  l a t t e r  t y p e  o f  b a s e  w ou ld  c o n t a i n  m a in ly  l i p i d  
m a t e r i a l s  o t h e r  th a n  c h r o m o p l a s t s .
The r e s u l t s  from  t h i n  s e c t i o n i n g  i n d i c a t e d  t h a t  t h e  c lo u d  m a t e r i a l  
was p r e d o m in a n t ly  c e l l  w a l l  and c e l l u l a r  d e b r i s .  The f r e e z e  e t c h i n g  
t e c h n i q u e  showed t h a t  th e  c l o u d  a l s o  c o n t a i n e d  numerous c l u s t e r s  o f  
s m a l l  d r o p l e t s  and c r y s t a l l i n e  m a t e r i a l .  The d im e n s io n s  o f  t h e s e  
c l u s t e r s  o f  d r o p l e t s  w ere  from  0 . 5  -  l.Oym  and as  su ch  t h e s e  a g g r e g a t e s  
a r e  p r o b a b ly  t h e  l i p i d  d r o p l e t s  i d e n t i f i e d  by numerous w o r k e r s  u s i n g  
l i g h t  m ic r o s c o p y  ( D a v i s ,  1 9 3 2 ; R esch  and S c h a r a ,  1 9 7 0 ) .  T h ese  o i l  
g l o b u l e s  have  b e e n  th e  c o r n e r  s t o n e  o f  th e  t h e o r y  o f  t h e  c l o u d i n e s s  
o f  o ra n g e  j u i c e ,  s i n c e  i t  i s  g e n e r a l l y  a c c e p t e d  t h a t  t h e  c l o u d  i s  
a t t r i b u t a b l e  t o  t h e  g l o b u l e s  o f  g r e a t e r  th a n  0 . 5 >^. m d ia m e t e r  r e f l e c t i n g  
l i g h t .  I t  w o u ld  t h e r e f o r e  seem  s i g n i f i c a n t ,  t h a t  when v i s u a l i s e d  
w i t h  t h e  e l e c t r o n  m ic r o s c o p e  v e r y  fe w  o f  t h e s e  s t r u c t u r e s  a re  i n  f a c t  
s i n g l e  g l o b u l e s  b u t  n o r m a l ly  c l u s t e r s  o f  v e r y  much s m a l l e r  d r o p l e t s .
T h e r e f o r e ,  i f  t h e s e  a g g r e g a t e s  became d i s r u p t e d  and t h e  d r o p l e t s  
d i s p e r s e d ,  t h e  mean d r o p l e t  d ia m e t e r  w o u ld  be c o n s i d e r a b l y  b e lo w  t h a t  
r e q u i r e d  t o  r e f l e c t  l i g h t  and  t h e  c lo u d  l e v e l  o f  t h e  sa m p le  w ou ld  be  
m a r k e d ly  r e d u c e d .
A f u r t h e r  i n t e r e s t i n g  r e s u l t  from  t h e  f r e e z e  e t c h i n g  was th e  
o b s e r v a t i o n  t h a t  o i l  d r o p l e t s  a re  f r e q u e n t l y  a s s o c i a t e d  w i t h  th e  h e s — 
p e r i d i n  c r y s t a l s .  T h is  m ig h t  w e l l  l e a d  t o  an i n c r e a s e d  b u o y a n cy  o f  
t h e  c r y s t a l s  and so a i d  t h e i r  r e t e n t i o n  i n  th e  c lo u d  f r a c t i o n  o f  th e
s a m p le .
An o b s e r v a t i o n  from  th e  f r e e z e  e t c h i n g  w h ic h  was d i f f i c u l t  t o  
e x p l a i n  was t h e  phenomenon o f  t h e  c e l l  w a l l s  o n l y  b e i n g  a p p a r e n t  in  
sp e c im e n s  w h ic h  e x h i b i t e d  i c e  c r y s t a l  f o r m a t i o n .  A p o s s i b l e  e x p la n a ­
t i o n  i s  th a t  w i t h  t h e  f o r m a t io n  o f  t h e  i c e  c r y s t a l s  th e  aqueous m a t r ix  
t e n d e d  to  move away from  t h e  w a l l  s t r u c t u r e s ,  and s i n c e  i n  an i c y  
s p e c im e n  one can a c h i e v e  r e l a t i v e l y  d e e p  e t c h i n g  (a s  t h e  w a t e r  v ap ou r  
p r e s s u r e  i s  h i g h )  t h e  c e l l  w a l l s  became v i s i b l e .  In  t h e  c a s e  o f  t h e  
c r y o p r o t e c t e d  s a m p le s ,  t h e  i c e  c r y s t a l  f o r m a t io n  was m in im al and ate t h e  
v a p o u r  p r e s s u r e  o f  t h e  w a t e r  i s  lo w e r e d  by  t h e  c r y o p r o t e c t a n t  t h e  d e p th  
o f  e t c h i n g  i s  d r a s t i c a l l y  r e d u c e d .  In  t h i s  s i t u a t i o n  one m ust presume  
t h a t  t h e  p r o f i l e s  o f  t h e  w a l l  w ere  n o t  d i s c e r n i b l e .
The m ajor  g a in  o b t a i n e d  from  t h e  n e g a t i v e  s t a i n i n g  was t h e  
r e a l i s a t i o n  t h a t  t h e  c r y s t a l  c o n t e n t  o f  th e  v a r i o u s  sa m p le s  was m a rk ed ly  
d i f f e r e n t .  I n d e e d ,  from  a l l  t h e  m i c r o s c o p i c a l  r e s u l t s  t h e  o n l y  m ajor  
d i f f e r e n c e  b e tw e e n  t h e  s a m p le s  w h ic h  m igh t  be  r e l a t e d  t o  c lo u d  l e v e l  
was t h e  number o f  h e s p e r i d i n  c r y s t a l s .
Yhen th e  c r y s t a l  c o n t e n t  o f  t h e  sa m p le s  w ere p l o t t e d  a g a i n s t  
c lo u d  l e v e l  a l i n e a r  r e l a t i o n s h i p  was o b t a i n e d .  T hese  p l o t s  f o r  t h e  
j u i c e s ,  b a s e s  and p r o d u c t s  d i d  n o t  p a s s  th r o u g h  t h e  o r i g i n  on t h e  c lo u d  
a x i s ,  c l e a r l y  sh o w in g  t h a t  t h e  c r y s t a l  c o n t e n t  i s  n o t  t h e  s o l e  f a c t o r  
i n v o l v e d  in  d e t e r m in g  c lo u d  l e v e l .
The c o m b in a t io n  o f  m e l t i n g  p o i n t  and u l t r a v i o l e t  s p e c t r o s c o p y  
t e c h n i q u e s  on t h e  i s o l a t e d  c r y s t a l s  i n d i c a t e d  t h a t  t h e  m a t e r i a l  was  
h e s p e r i d i n .  The i n i t i a l  a t t e m p t s  t o  q u a n t i f y  h e s p e r i d i n  w ere  b a s e d  
on t h e  D a v is  method ( D a v i s ,  1 9 4 7 )  w h ic h  i s  g i v e n  i n  A p p en d ix  V.
The r e a s o n  t h i s  method was a d o p te d  was t h a t  i t  had b e e n  u s e d  by  
s e v e r a l  w o r k e r s  i n  r e l a t i v e l y  r e c e n t  s t u d i e s  (Koch and H e s s ,  19 7 1 ;
B ak er  and Bruemmer, 1 9 7 2 ) .  H ow ever , th e  D a v is  method was o r i g i n a l l y  
e v o l v e d  f o r  th e  e s t i m a t i o n  o f  n a r i n g i n ,  t h e  p r i n c i p l e  f l a v a n o n e  o f  
g r a p e f r u i t ,  and i s  n o t  s t r i c t l y  a p p l i c a b l e  f o r  t h e  e s t i m a t i o n  o f
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h e s p e r i d i n .  T h is  p o i n t  h a s  b e e n  c l e a r l y  made by  H o ro w itz  and  
G e n t i l i  ( 1 9 5 9 )  and a g a i n  by  H e n d r ic k s o n  e t  a l . ( 1 9 5 9 ) ,  and b o th  
t h e s e  g ro u p s  o f  w o r k e r s  fou n d  t h a t  th e  D a v is  method ga v e  h i g h  e s t i m a t e s  
f o r  h e s p e r i d i n .
I t  was i n  f a c t  a  m o d i f i c a t i o n  o f  t h e  method o f  h e s p e r i d i n  a n a ly ­
s i s  p r o p o s e d  by H e n d r ic k s o n  e t  a l . ( 1 9 5 9 )  t h a t  was a d o p te d  f o r  u se  i n  
t h i s  w o r k .  The m o d i f i c a t i o n  o f  t h e  m ethod stemmed from t h e  r e a l i s a ­
t i o n  t h a t  i t  was an e s t i m a t e  o f  c r y s t a l l i n e  h e s p e r i d i n  t h a t  w ou ld  be  
u s e f u l  f o r  c o r r e l a t i o n  w i t h  c lo u d  l e v e l .  One o f  t h e  n o t a b l e  f e a t u r e s  
o f  h e s p e r i d i n  i s  i t s  marked i n s o l u b i l i t y  i n  w a t e r ,  and a s  s u c h  i t  i s  
somewhat a t y p i c a l  o f  f l a v a n o n e  g l y c o s i d e s  w h ic h  a r e  g e n e r a l l y  con ­
s i d e r e d  t o  be w a t e r  s o l u b l e .  In c o l d  w a te r  i t  i s  s o l u b l e  t o  t h e  
e x t e n t  o f  l g  i n  50 l i t r e s ,  i n  h o t  w a t e r  t h i s  i n c r e a s e s  t o  l g  i n  
5 l i t r e s  (Merck I n d e x ,  1 9 6 8 ) .  The m ost e f f e c t i v e  s o l v e n t s  f o r  h e s ­
p e r i d i n  are  e t h a n o l ,  m e t h a n o l ,  p y r i d i n e  and sod iu m  h y d r o x id e  (Merck  
I n d e x ,  1 9 6 8 ) .  T hus, any  m ethod o f  e s t i m a t i o n  w h ic h  i s  g o in g  t o  
u t i l i s e  t h e s e  s o l v e n t s  w i l l  g i v e  a m easure  o f  t o t a l  h e s p e r i d i n ,  i . e . :  
m a t e r i a l  a l r e a d y  i n  s o l u t i o n  and c r y s t a l l i n e  h e s p e r i d i n  w h ich  w i l l  
have  b e e n  d i s s o l v e d .  F or  t h i s  r e a s o n  t h e  method o f  H e n d r ic k so n  
e t  a l . ( 1 9 5 9 ) was m o d i f i e d  so  t h a t  t h e  s t a g e  r e q u i r i n g  t h e  a d d i t i o n  
o f  sod ium  h y d r o x id e  was o m i t t e d .  Thus t h e  m e th a n o l  e x t r a c t  gave  an 
i n d i c a t i o n  o f  t o t a l  h e s p e r i d i n ,  w h i l s t  th e  aqueous e x t r a c t  ga v e  o n l y  
h e s p e r i d i n  i n  s o l u t i o n .  The d i f f e r e n c e  o f  m eth a n o l  minus w a te r  was  
t a k e n  t o  g i v e  c r y s t a l l i n e  h e s p e r i d i n .  With m ost  s a m p le s  i t  was found  
t h a t  t h e  c r y s t a l l i n e  h e s p e r i d i n  a c c o u n t e d  f o r  l e s s  th a n  h a l f  o f  th e  
t o t a l  h e s p e r i d i n  f i g u r e .  T h is  m ig h t  be t a k e n  to  i n d i c a t e  t h a t  t h e r e  
was a s u b s t a n t i a l  q u a n t i t y  o f  h e s p e r i d i n  i n  s o l u t i o n  w h ic h  had n o t  
c r y s t a l l i s e d .  I t  w o u ld  seem u n l i k e l y  t h a t  t h i s  w ou ld  be th e  c a s e ,  
s i n c e ,  i f  f o r  argum ents  s a k e ,  t h e  r e a d in g s  i n d i c a t e d  t h a t  120  mg% 
w ere  r e m a in in g  i n  s o l u t i o n  (and r e c o u r s e  t o  T ab le  10  w i l l  i n d i c a t e
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t h a t  t h i s  i s  a c o n s e r v a t i v e  e s t i m a t e )  t h i s  i s  w e l l  above  th e  s o l u ­
b i l i t y  l i m i t  f o r  b o th  c o l d  and h o t  w a t e r  o f  2 mg$ and 20 mg$ r e s ­
p e c t i v e l y .  I t  i s  o f  c o u r s e  p o s s i b l e  t h a t  th e  s o l u b i l i t y  o f  h e s p e r i d i n  
i n  oran ge  j u i c e  m ig h t  be s i g n i f i c a n t l y  d i f f e r e n t  from  t h a t  i n  w a t e r .
The r e s u l t s  o b t a i n e d  from  t h e  s y n t h e t i c  oran ge  j u i c e  i n d i c a t e d  t h a t  
t h e  s o l u b i l i t y  was s u b s t a n t i a l l y  t h e  same as  t h a t  r e p o r t e d  f o r  w a t e r  
e i t h e r  h o t  o r  c o l d .  W hence, i f  i t  i s  u n l i k e l y  t h a t  t h e  s u b s t a n c e  i n  
s o l u t i o n  i s  h e s p e r i d i n  we a r e  f a c e d  w i t h  a t  l e a s t  two f u r t h e r  ' 
p o s s i b i l i t i e s
( a )  The m a t e r i a l  i s  a m o d i f i e d  h e s p e r i d i n  w h ic h  h a s  a 
g r e a t e r  s o l u b i l i t y  and so  d o e s  n o t  c r y s t a l l i s e .
(b )  The m a t e r i a l  i s  n o t  h e s p e r i d i n ,  b u t  a compound w h ic h  
a b s o r b s  a t  t h e  285 mj4 w a v e le n g t h  i n  t h e  u l t r a v i o l e t  
s p e c tr u m .
I t  h as  b e e n  s u g g e s t e d  by Yawra and Webb (1 9 4 2 )  t h a t  i n  oran ge  
j u i c e  th e  h e s p e r i d i n  i n  t h e  f l a v a n o n e  form  may be i n  e q u i l i b r i u m  w i t h  
t h e  e h a lc o n e  fo rm . The c h a lc o n e  form was c o n s i d e r e d  b y  t h o s e  a u t h o r s  
t o  be more s o l u b l e  and th u s  m ig h t  s u p p o r t  c o n c e p t  (a )  a b o v e .  How­
e v e r ,  w h i l s t  i t  i s  t r u e  t h a t  c h a lc o n e  form s can  be p ro d u ced  from  
f l a w i n o n e s  t h e  e q u i l i b r i u m  i n  an a c i d  e n v ir o n m e n t  i s  i n  f a v o u r  o f  th e  
f l a v a n o n e  fo rm . T h u s ,  i n  t h e  a c i d  e n v ir o n m e n t  o f  t h e  j u i c e  (pH 3 . 5 )  
i t  w ou ld  seem  l i k e l y  t h a t  t h e  f l a v a n o n e  form w ou ld  p r e d o m in a t e ,  and  
as  s u c h  c o n t e n t i o n  (a )  w ou ld  seem  u n fo u n d e d .
The f i n d i n g s  o f  C o f f i n  (1 9 7 1 )  i n d i c a t e d  t h a t  o r a n g e  j u i c e  con­
t a i n e d  t h r e e  f l a v a n o n e  g l y c o s i d e s ,  o f  t h e s e  one was o n l y  p r e s e n t  i n  
t r a c e  a m o u n ts ,  w h i l s t  t h e  r e m a in in g  two w ere  p r e s e n t  i n  a p p r o x im a t e ly  
e q u a l  l e v e l s .  T h ese  two w ere  i d e n t i f i e d  as  h e s p e r i d i n  ( h e s p e r e t i n  7  
r u t i n o s i d e )  and n a r i n g e n i n  7 r u t i n o s i d e .  A l th o u g h  u l t r a v i o l e t  
s p e c t r a  f o r  t h e  n a r i n g e n i n  7 r u t i n o s i d e  w ere n o t  d e t e r m in e d  d u r in g  
t h e  c o u r s e  o f  t h e  p r o j e c t ,  i t  A^ould seem  h i g h l y  p r o b a b le  t h a t  t h e
s p e c t r a  o f  h e s p e r i d i n  and t h i s  compound w o u ld  be v e r y  s i m i l a r ,  s i n c e
t h e y  a r e  b o t h  7 r u t i n o s i d . e s  ( F i g .  1 4 )  and th e  s p e c t r a  f o r  th e  
a g l y c o n e s  h e s p e r e t i n  and n a r i n g e n i n  a r e  v i r t u a l l y  i d e n t i c a l  ( S i n c l a i r ,  
1 9 6 1 ) .  T h u s ,  i t  w ou ld  a p p e a r  t h a t  t h e  m eth a n o l  e x t r a c t  i s  n o t  g i v i n g  
an e s t i m a t i o n  o f  h e s p e r i d i n  a l o n e  as  s u g g e s t e d  by  H e n d r ic k s o n  e t  a l . 
( 1 9 5 9 ) ,  b u t  more p r o b a b ly  h e s p e r i d i n  and n a r i n g e n i n  7 r u t i n o s i d e .
T h is  w ou ld  t e n d  t o  s u p p o r t  p r o p o s a l  ( b ) .  T h e r e f o r e ,  t h e  b e s t  
e s t i m a t e  o f  h e s p e r i d i n  i s  o b t a i n e d  b y  u s i n g  t h e  d i f f e r e n c e  b e tw een  
t h e  m eth a n o l  and w a t e r  e x t r a c t s ,  and t o t a l  h e s p e r i d i n  i s  o n l y  l i k e l y  
to  he a few  more mg# g r e a t e r  t h a n  t h e  f i g u r e  o b t a in e d  f o r  t h e  c r y s t a l ­
l i n e  form .
The o b s e r v a t i o n  t h a t  t h e  t u r b i d i t y  o f  f r e s h l y  e x p r e s s e d  j u i c e  
i n c r e a s e s  upon a g e i n g  was f i r s t  r e p o r t e d  b y  L o e f f l e r  ( 1 9 4 1 ) ,  h u t  
M iz r a h i  and Berk  (1 9 7 0 )  w ere  t h e  f i r s t  t o  s u s p e c t  t h a t  t h i s  m igh t  be 
r e l a t e d  t o  h e s p e r i d i n  c r y s t a l l i s a t i o n ,  and t h a t  t h e  f l a v a n o n e s  m ig h t  
p l a y  an  im p o r ta n t  p a r t  i n  j u i c e  c l o u d i n e s s .  B aker and Bruemmer 
(1 9 7 2 )  d i s m i s s e d  t h i s  c o n c e p t  a s  p e c u l i a r  t o  t h e  Sham outi  v a r i e t y  o f  
o r a n g e ,  w h e r e a s  t h e  r e s u l t s  c o n t a i n e d  i n  t h i s  t h e s i s  w o u ld  i n d i c a t e  
t h a t  f l a v a n o n e  c r y s t a l l i s a t i o n  i s  a s i g n i f i c a n t  f a c t o r  in  c lo u d  l e v e l  
o f  j u i c e s  d e r i v e d  from  s e v e r a l  v a r i e t i e s  o f  o r a n g e s .
The r e a s o n  why so  many w o r k e r s  h a v e  p a id  l i t t l e  a t t e n t i o n  t o  t h e  
r o l e  o f  h e s p e r i d i n  i s  p r o b a b ly  e x p l a i n e d  by t h e  f a c t  t h a t  t h e  m a j o r i t y  
o f  t h e  c r y s t a l s  c a n n o t  be o b s e r v e d  i n  t h e  l i g h t  m i c r o s c o p e ,  s i n c e  
t h e i r  d im e n s io n s  i n  two p l a n e s  a r e  n o r m a l l y  l e s s  th a n  0 , 2 5 p  m w h ic h  
i s  t h e  r e s o l u t i o n  l i m i t  o f  l i g h t  m ic r o s c o p y .  The e x c e p t i o n  t o  t h i s  
s t a t e m e n t  w i l l  be when th e  c r y s t a l s  form  c h a r a c t e r i s t i c  s p h e r u l i t e s  
w hose  d im e n s io n s  a r e  a d e q u a te  t o  he  s e e n  b y  l i g h t  m i c r o s c o p y .  The 
work on im p o r ta n t  c lo u d  p a r t i c l e s  b y  S c o t t  e t  a l . (1 9 6 5 )  and B aker  
and Bruemmer (1 9 6 9 )  f r a c t i o n a t e d  t h e  c lo u d  u s i n g  v a r i o u s  s o l v e n t s  
and t h e  f r a c t i o n  w h ic h  was removed w i t h  a l c o h o l  was d i s c a r d e d .  I t  
i s  h i g h l y  p r o b a b le  t h a t  t h e  b u l k  o f  t h e  h e s p e r i d i n  w o u ld  have  b e e n
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p r e s e n t  i n  t h i s  f r a c t i o n ,  and s o  n e g l e c t e d .  C oupled w i t h  t h e  l a c k  
o f  i n t e r e s t  i n  h e s p e r i d i n  i t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  a t y p i c a l  
h e s p e r i d i n  c o n t e n t  o f  f r e s h  j u i c e  w o u ld  be o f  th e  o r d e r  o f  50 -  100 
mg$ (S e e  T a b le  1 0 ) w h e r e a s  t h e  o i l  c o n t e n t  o f  j u i c e  i s  o n l y  6 - 1 0  
mg$ (K ir c h n e r  & M i l l e r ,  1 9 5 7 ) .
In  a r e c e n t  s t u d y  on c lo u d  s t a b i l i t y  u s in g  t h e  c o n c e p t s  o f  
c o l l o i d  t h e o r y ,  L an k ve ld  ( 1 9 7 3 ) ,  showed t h a t  f l o c c u l a t i o n  o f  th e  c lo u d  
p a r t i c l e s  was t h e  main f a c t o r  c a u s i n g  s e p a r a t i o n  and c l a r i f i c a t i o n .
He c o n s i d e r e d  t h a t  d u r in g  t h e  e a r l y  s t a g e s  o f  f l o c c u l a t i o n  a n e t t  
i n c r e a s e  i n  t u r b i d i t y  m ig h t  r e s u l t  from  t h e  i n c r e a s e d  p a r t i c l e  s i z e .
In  c o n t r a s t ,  B aker  and Bruemmer (1 9 7 2 )  i n d i c a t e d  t h a t  a s  a f l o e  form s  
i n  j u i c e  so th e  t u r b i d i t y  d e c r e a s e s .  T h ese  w o rk ers  a n a l y s e d  t h e  
f l o e  and fo u n d  i t  t o  be com posed o f  p e c t i n  and h e s p e r i d i n .  At  
f i r s t  s i g h t  t h i s  m ig h t  i n d i c a t e  t h a t  h e s p e r i d i n  h as  a c l a r i f y i n g  r o l e  
r a t h e r  th a n  a c l o u d i n g  f u n c t i o n .  H ow ever, t h e s e  w o r k e r s  u se d  
" u n p a s t e u r i s e d " j u ic e  so  t h a t  t h e  m echanism  o f  f l o c c u l a t i o n  p r o b a b ly  
i n v o l v e d  f o r m a t io n  o f  i n s o l u b l e  p e c t a t e s  w h ic h  o c c lu d e d  t h e  c r y s t a l ­
l i n e  h e s p e r i d i n .  L a n k v e ld  ( 1 9 7 3 )  a l s o  c o n c lu d e d  t h a t  t h e  r e f r a c t i v e  
in d e x  o f  th e  d i s p e r s e d  p h a se  was a s i g n i f i c a n t  f a c t o r  and c a l c u l a t e d  
t h a t  i n  t h e  c a s e  o f  lem on j u i c e  t h e  m o st  im p o r ta n t  p a r t i c l e s  w ould  
h a v e  a r e f r a c t i v e  in d e x  o f  a t  l e a s t  1 . 4 8 .  He su r m is e d  t h a t  th e  m ost  
o p t i c a l l y  d e n s e  com ponent i n  t h e  s y s t e m  w ould  b e  t h e  c i t r u s  o i l .  The 
r e s u l t s  c o n t a i n e d  w i t h i n  t h i s  t h e s i s  have  shown t h a t  th e  r e f r a c t i v e  
in d e x  f o r  h e s p e r i d i n  i s  1 . 5 9  and s o  on t h e  b a s i s  o f  t h i s , h e s p e r i d i n  s h o u ld  
p l a y  a s i g n i f i c a n t  r o l e  i n  j u i c e  c l o u d i n e s s .
A s im p le  way t o  h a v e  c o n f ir m e d  t h e  r o l e  o f  h e s p e r i d i n  i n  c lo u d  
l e v e l  w ou ld  have  b e e n  t o  h a v e  t a k e n  a j u i c e  o f  g i v e n  c lo u d  l e v e l ,  
d i s s o l v e  t h e  h e s p e r i d i n  and rem ea su re  t h e  c lo u d  l e v e l .  U n f o r t u n a t e l y ,  
t h i s  . d i r e c t  a p p ro a ch  was n o t  p o s s i b l e ,  As was m e n t io n e d  e a r l i e r ,  th e
3 m ost  e f f e c t i v e  s o l v e n t s  f o r  h e s p e r i d i n  a r e  a l c o h o l s ,  p y r i d i n e  and 
sod iu m  h y d r o x i d e .  The a d d i t i o n  o f  an y  o f  t h e s e  s o l v e n t s  t o  a j u i c e  
c a u s e d  a r a p i d  f l o c c u l a t i o n  t o  o c c u r ,  p r e su m a b ly  due t o  d e n a t u r a t i o n  
o f  th e  p e c t i n .  T hus, a l e s s  d i r e c t  r o u t e  was e v o l v e d  w h ereb y  th e  
a c t i o n  o f  h e s p e r i d i n a s e  ( | |  g l u c o s i d a s e  a c t i v i t y )  on f r e s h l y  e x t r a c t e d  
j u i c e  r e d u c e d  t h e  amount o f  c r y s t a l l i n e  h e s p e r i d i n  form ed and so  
p ro d u c e d  a j u i c e  o f  m a r k e d ly  lo w e r  c lo u d  l e v e l  th a n  t h e  c o n t r o l  
s a m p le .
A l th o u g h  th e  b u lk  o f  t h e  w ork  c o n t a i n e d  w i t h i n  t h i s  t h e s i s  h as  
b e e n  a im ed  a t  ora n g e  j u i c e ,  a l i m i t e d  amount o f  work was u n d e r ta k e n  
on lem on j u i c e .  A c c o r d in g  t o  C o f f i n  (1 9 7 1 )  t h e r e  a r e  3 m ajor  
f l a v a n o n e  g l y c o s i d e s  i n  lem on j u i c e ,  n a m e ly ,  h e s p e r i d i n ,  n a r i n g e n i n  
7 r u t i n o s i d e  and e r i o d i c t y o l  7 r u t i n o s i d e .  Of t h e s e  t h r e e  i t  i s  
a g a i n  t h e  h e s p e r i d i n  w h ic h  h a s  th e  m a r k e d ly  low  s o l u b i l i t y  and i s  
t h e r e f o r e  t h e  m ost  l i k e l y  m a t e r i a l  t o  be p r e s e n t  i n  a c r y s t a l l i n e  form  
T h e r e f o r e ,  i t  was i n t e r e s t i n g  t o  i n v e s t i g a t e  w h e th e r  h e s p e r i d i n  p la y e d  
s u c h  an im p o r ta n t  r o l e  i n  lem on j u i c e  c l o u d .  The r e s u l t s  from  th e  
e x a m in a t io n  o f  4 sa m p le s  w ere n o t  c o n c l u s i v e .  The v e r y  c lo u d y  lem on  
j u i c e  a p p ea red  t o  c o n t a i n  no h e s p e r i d i n  and was m i c r o s c o p i c a l l y  
a t y p i c a l .  Of th e  r e m a in in g  3 sa m p le s  t h e r e  a p p e a r e d  t o  be a r e l a t i o n  
s h i p  b e tw e e n  h e s p e r i d i n  c o n t e n t  and c lo u d  l e v e l .  C l e a r l y ,  f u r t h e r  
work w ould  be n e c e s s a r y  t o  e s t a b l i s h  t h e  s i g n i f i c a n c e  o f  h e s p e r i d i n  
l e v e l s  i n  lemon p r o d u c t s . .
The m ost  r e c e n t  s t u d i e s  i n  c i t r u s  j u i c e  s t a b i l i t y  h a v e  a g a i n  b e e n  
aim ed a t  t h e  r o l e  o f  p e c t i n  i n  c lo u d  s t a b i l i s a t i o n .  T hus, Krop and  
P i l n i k  ( 1 9 7 4 a ,  b „ )  have  b e e n  s t u d y i n g  t h e  e f f e c t  o f  enzym es s u c h  as  
p o l y g a l a c t u r o n a s e  and p r o t e a s e  on c l o u d  s t a b i l i t y .  W h i l s t  n o t  
w i s h i n g  t o  d e t r a c t  from th e  im p o rta n ce  o f  p e c t i n  i n  c i t r u s  j u i c e s ,  
th e  r e s u l t s  c o n t a i n e d  w i t h i n  t h i s  t h e s i s  w ould  seem t o  i n d i c a t e  t h a t  
i n  t h e  c a s e  o f  o ran ge  j u i c e ,  c o n s i d e r a b l e  com m ercia l  a d v a n ta g e  c o u ld
-  1 1 2  -
be o b t a i n e d  from  s t u d y i n g  m ethods o f  m a x im is in g  th e  o c c u r r e n c e  
c r y s t a l l i n e  h e s p e r i d i n  i n  t h e  j u i c e ,
-  114 -
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PAGE
Abbreviations used on the plates 1
LIGHT MICROSCOPY PLATES 1 -  12
ELECTRON MICROSCOPY PLATES 13 -  76
(1) Thin Sections PLATES 13 -  53
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ABBREVIATIONS USED ON THE PLATES
A -  cytoplasm 
B -  cuticle 
C -  cell wall 
D -  debris
E -  electron opaque precipitate 
P -  p it-fie ld  
G -  nuclear membrane 
H -  membrane bound vesicle 
I -  intercellular space 
J -  junction point 
K s-  granular body 
L -  lipid droplet 
M -  nucleolus 
N -  nucleus 
0 -  chromoplast
P -  plasmadesmata 
R -  o il gland
S -  densely staining particle 
V -  vacuole 
X -  crystal 
Z -  smooth zone
SAMPLE Transverse section of flavedo.
TREATMENT Cryostat section. Stain safranin/fast green.
Bright field  illumination.
NOTE Shape and comparative size of the cells .
PLATE 1 MAGNIFICATION x  1 ,0 0 0
PLATE 2 MAGNIFICATION x 1,000
SAMPLE Transverse section of flavedo.
TREATMENT Cryostat section. Polarised light illximination.
NOTE BirefrPgent nature of cell walls and crystals (X)
in some ce lls .

SAMPLE Transverse section of flavedo.
TREATMENT Cryostat section. Phase contrast illumination. 
NOTE Oil gland (R).
PLATE 3 MAGNIFICATION x  4 5 0
PLATE 4 ' MAGNIFICATION x 450
SAMPLE Transverse section of flavedo.
TREATMENT Cryostat section. Polarised light illumination. 
NOTE Birefringent nature of cell walls and oil gland (R).

SAMPLE Transverse section of albedo.
TREATMENT Cryostat section. Stain -  safranin/fast green. 
NOTE Thick cell walls.
PLATE 5 MAGNIFICATION x  4 5 0
PLATE 6 MAGNIFICATION x 1,000
SAMPLE Section of albedo.
TREATMENT Cryostat section. Safranin/fast green.
NOTE Thickened cell walls surrounding vascular cells (arrow)
6
SAMPLE Section of albedo.
PLATE 7 MAGNIFICATION x  4 5 0
TREATMENT Cryostat section. Polarised light illumination,
PLATE 8 MAGNIFICATION x 1.800
SAMPLE Section of juice sac.
TREATMENT Cryostat section. Polarised light illumination.

PLATE 9 MAGNIFICATION x 4,000
SAMPLE Israeli 66° Brix juice.
TREATMENT Drop dispersed on slide. Phase contrast illumination 
NOTE Nucleus (N) surrounded by chromoplasts (0).
PLATE 10 MAGNIFICATION x 4,000
SAMPLE Spanish base.
TREATMENT Drop dispersed on slide. Phase contrast illumination 
NOTE Spherulite cluster of crystals (X).
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SAMPLE
TREATMENT
NOTE
PLATE 11
PLATE 12
Israeli 66° Brix juice.
Drop dispersed on slide. Bright field illumination. 
Chromoplasts (0), crystals (X) and cellular debris.
MAGNIFICATION x  4 ,0 0 0
MAGNIFICATION x 500
SAMPLE Product white cap.
TREATMENT Drop dispersed on slide. Dark field illumination.
NOTE Mass of crystals.
o11
1 2
PLATE 13 MAGNIFICATION x  1 6 ,0 0 0
SAMPLE
TREATMENT
NOTE
Thin section of flavedo.
Fixation -  Glutaraldehyde/osmfum tetroxide.
Stain -  Uranyl acetate/lead citrate.
Plasmadesma (P) traverse the cell wall (C). Nuclei 
are present in the densely staining cytoplasm.
1 3
SAMPLE Thin section of flavedo.
TREATMENT Fixation -  Glutaraldehyde/osmium tetroxide.
Stain -  uranyl acetate/lead citrate.
NOTE Nucleus (N) and densely staining lipid droplets (L).
PLATE 1 4  MAGNIFICATION x  1 6 ,0 0 0
t
PLATE 15 MAGNIFICATION x  1 0 ,0 0 0
SAMPLE
TREATMENT
NOTE
Thin section of flavedo.
Fixation -  glutaraldehyde/osmium tetroxide.
Stain -  uranyl acetate/lead citrate.
Central vacuole (V), p it—field  (F) in cell wall (C), 
intercellular space (I) and lipid droplets (L).
1 5
SAMPLE Thin section of albedo.
TREATMENT Fixation -  glutaraldehyde/osmium tetroxide.
Stain -  uranyl acetate/lead citrate.
NOTE Plasmadesma (?) traverse the cell wall at a p it-fie ld  (F).
PLATE 16 MAGNIFICATION x  4 0 ,0 0 0
1 6
PLATE 17 MAGNIFICATION x  1 0 ,0 0 0
SAMPLE
TREATMENT
NOTE
Thin section of albedo.
Fixation -  glutaraldehyde/osmium tetroxide.
Stain ~ uranyl acetate/lead citrate.
The cells contain a large vacuole (V) with a thin layer 
of cytoplasm (A) lying against the cell, wall (C).
1 7
PLATE 18 MAGNIFICATION x 5,000
SAMPLE Thin section of albedo.
TREATMENT Fixation -  glutaraldehyde/osmium tetroxide.
Stain -  uranyl acetate/lead citrate.
NOTE Cell walls (C) and intercellular spaces ( l ) .
1 8
SAMPLE Thin section of albedo.
TREATMENT Fixation -  glutaraldehyde/osmium tetroxide.
Stain -  Uranyl acetate/lead citrate.
NOTE Thick cell walls (C) and intercellular spaces ( i ) .
PLATE 19  MAGNIFICATION x  5 ,0 0 0
1 9
SAMPLE Thin section of segment membrane.
TREATMENT Fixation -  glutaraldehyde/osmium tetroxide.
Stain -  uranyl acetate/lead citrate.
NOTE Cell walls, cytoplasm (A) and vacuoles (V).
PLATE 2 0  MAGNIFICATION x  5 ,0 0 0
2 0
PLATE 21 MAGNIFICATION x  5 ,0 0 0
SAMPLE
TREATMENT
Thin section of segment membrane.
Fixation -  glutaraldehyde/osmium tetroxide. 
Stain -  uranyl acetate/lead citrate.
2 1
SAMPLE
TREATMENT
NOTE
PLATE 22
Thin section of segment membrane.
Fixation -  glutaraldehyde/osmium tetroxide.
Stain -  uranyl acetate/lead citrate.
Fibrous appearance of the cell walls, and electron 
opaque precipitate (E) deposited predominantly on the 
w alls.
MAGNIFICATION x  1 0 ,0 0 0
2 2
SAMPLE
TREATMENT
NOTE
PLATE 23
Thin section of juice sac.
Fixation -  glutaraldehyde/osmium tetroxide.
Stain -  uranyl acetate/lead citrate.
Cuticle (B) covers outer layer of columnar ce lls . 
Vacuoles (V) and lipid droplets (L) present within 
cytoplasm.
MAGNIFICATION x  5 ,0 0 0
* 
i
2 3
PLATE 24 MAGNIFICATION x 7,500
SAMPLE Thin section of juice sac.
TREATMENT Fixation -  glutaraldehyde/osmium tetroxide.
Stain -  uranyl acetate/lead citrate.
NOTE ' Vacuoles (V) and lipid droplets (L).
2 4
PLATE 25 MAGNIFICATION x 10,000
SAMPLE Thin section of juice sac.
TREATMENT Fixation -  glutaraldehyde/osmium tetroxide.
Stain -  uranyl acetate/lead citrate.
NOTE Very thin cell walls (C).
2 5
SAMPLE
TREATMENT
NOTE
PLATE 26
Thin section of juice sac.
Fixation -  glutaraldehyde/osmium tetroxide.
Stain -  uranyl acetate/lead citrate.
The thin cell walls (C) may be traced back to a junction 
point (J) with thicker cell walls.
MAGNIFICATION x  1 0 ,0 0 0
m
SAMPLE Thin section of juice sac.
TREATMENT Fixation -  glutaraldehyde/osraium tetroxide. 
Stain -  uranyl acetate/lead citrate.
NOTE The cuticle (B) on the outer cell of the juice
PLATE 2 7  MAGNIFICATION x 1 5 ,0 0 0
S cLC •
2 7
SAMPLE Thin section of juice sac.
TREATMENT Fixation -  glutaraldehyde/osmium tetroxide.
Stain -  uranyl acetate/lead citrate.
NOTE The debris (D) adhering to the cuticle (B).
PLATE 28  MAGNIFICATION x  6 0 ,0 0 0
2 8
PLATE 2 9 MAGNIFICATION x  3 0 ,0 0 0
SAMPLE
TREATMENT
NOTE
Thin section of juice sac.
Fixation -  glutaraldehyde/oxmium tetroxide.
Stain -  uranyl acetate/lead citrate.
P it-fie ld  (F) with plasmadesmata (P). Nucleus (N) 
with nucleolus (M) and nuclear membrane (G).
Vacuole (V), lipid droplet (L) and chromoplast (0).
2 9
SAMPLE
TREATMENT
NOTE
PLATE 3 0
Thin section of juice sac.
Fixation -  glutaraldehyde/osmium tetroxide.
Stain -  uranyl acetate/lead citrate.
The chromoplasts (0) contain circular arrays of lipid  
droplets (L).
MAGNIFICATION x  3 5 ,0 0 0
3 0
SAMPLE
TREATMENT
NOTE
PLATE 31
Thin section of juice sac.
Fixation — glutaraldehyde/osmium tetroxide.
Stain -  uranyl acetate/lead citrate.
Thin cell walls with lit t le  evidence for p it-fie ld s or 
plasmadesma.
MAGNIFICATION x  1 8 ,0 0 0
3 1
SAMPLE Thin section of juice sac.
TREATMENT Fixation -  glutaraldehyde/osmium tetroxide.
Stain -  uranyl acetate/lead citrate.
NOTE Membrane bound vesicles (H) and lipid droplet (L).
PLATE 32  MAGNIFICATION x  1 5 ,0 0 0
3 2
SAMPLE Thin section of juice sac.
TREATMENT Fixation -  glutaraldehyde/osmium tetroxide.
Stain -  uranyl acetate/lead citrate.
NOTE Lipid droplets (L) and aggregates of vesicles (H).
PLATE 33 MAGNIFICATION x  1 5 ,0 0 0
3 3
SAMPLE Thin section of single strength Israeli juice.
TREATMENT Microencapsulated, Fixation -  glutaraldehyde/osmium 
tetroxide. Stain -  uranyl acetate/lead citrate.
NOTE Cell wall (C) with cuticle (B) and cellular debris (D).
PLATE 34 , MAGNIFICATION x  1 0 ,0 0 0
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S A M P L E
T R E A T M E N T
P L A T E  3 5
N O T E
T h i n  s e c t i o n  o f  s i n g l e  s t r e n g t h  I s r a e l i  j u i c e .
M i c r o e n c a p s u l a t e d .  F i x a t i o n  -  g l u t a r a l d e h y d e / o s m i u m  
t e t r o x i d e .  S t a i n  —  u r a n y l  a c e t a t e / l e a d  c i t r a t e .
M A G N I F I C A T I O N  x  1 7 , 5 0 0
A g g r e g a t e s  o f  v e s i c l e s  ( H )  a n d  l i p i d  d r o p l e t s  ( L ) .
35
P L A T E  3 6  M A G N I F I C A T I O N  x  3 0 , 0 0 0
S A M P L E  T h i n  s e c t i o n  o f  s i n g l e  s t r e n g t h  I s r a e l i  j u i c e .
T R E A T M E N T  M i c r o e n c a p s u l a t e d .  F i x a t i o n  -  g l u t a r a l d e h y d e / o s m i u m  
t e t r o x i d e .  S t a i n  -  u r a n y l  a c e t a t e / l e a d  c i t r a t e .
N O T E  M e m b r a n e s ,  v e s i c l e s  ( H )  a n d  g r a n u l a r  b o d i e s  ( K ) .
■
S A M P L E  T h i n  s e c t i o n  o f  a  s i x f o l d  I s r a e l i  j u i c e ,
T R E A T M E N T  M i c r o e n c a p s u l a t e d ,  F i x a t i o n  -  g l u t a r a l d e h y d e / o s m i u m  
t e t r o x i d e .  S t a i n  -  u r a n y l  a c e t a t e / l e a d  c i t r a t e .
P L A T E  3 7  M A G N I F I C A T I O N  x  1 5 , 0 0 0
N O T E  C e l l  w a l l s  ( C ) ,  l i p i d  d r o p l e t s  ( L )  a n d  c h r o m o p l a s t  ( 0 ) .
37
S A M P L E  T h i n  s e c t i o n  o f  a  s i x  f o l d  S o u t h  A f r i c a n  j u i c e .
T R E A T M E N T  M i c r o e n c a p s u l a t e d .  F i x a t i o n  -  g l u t a r a l d e h y d e / o s m i u m
t e t r o x i d e .  S t a i n  -  u r a n y l  a c e t a t e / l e a d  c i t r a t e .
P L A T E  3 8  M A G N I F I C A T I O N  x  1 5 , 0 0 0
N O T E  C e l l  w a l l s  ( C )  a n d  c e l l u l a r  d e b r i s  ( D ) ,
38
S A M P L E
T R E A T M E N T
P L A T E  3 9
N O T E
M A G N I F I C A T I O N  x  1 0 , 0 0 0  
T h i n  s e c t i o n  o f  a  s i x  f o l d  I s r a e l i  j u i c e .
M i c r o e n c a p s u l a t e d .  F i x a t i o n  -  g l u t a r a l d e h y d e / o s m i v m  
t e t r o x i d e .  S t a i n  -  u r a n y l  a c e t a t e / l e a d  c i t r a t e .
C e l l  w a l l s  a n d  d e n s e l y  s t a i n i n g  p a r t i c l e s  ( S ) .
39
P L A T E  4 0  M A G N I F I C A T I O N  x  3 5 , 0 0 0
S A M P L E  T h i n  s e c t i o n  o f  a  s i x f o l d  S o u t h  A f r i c a n  j u i c e .
T R E A T M E N T  M i c r o e n c a p s u l a t e d .  F i x a t i o n  -  g l u t a r a l d e h y d e / o s m i u m  
t e t r o x i d e .  S t a i n  -  u r a n y l  a c e t a t e / l e a d  c i t r a t e .
N O T E  D e n s e l y  s t a i n i n g  p a r t i c l e s  ( S )  a s s o c i a t e d  w i t h  v e s i c l e s  ( H ) .
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S A M P L E  T h i n  s e c t i o n  o f  a  s i x f o l d  S o u t h  A f r i c a n  j u i c e .
T R E A T M E N T  M i c r o e n c a p s u l a t e d .  F i x a t i o n  -  g l u t a r a l d e h y d e / o s m i u m  
t e t r o x i d e .  S t a i n  -  u r a n y l  a c e t a t e / l e a d  c i t r a t e .
P L A T E  4 1  M A G N I F I C A T I O N  x  6 0 . 0 0 0
N O T E  C e l l  w a l l  w i t h  . c u t i c l e  ( B )  a n d  c e l l u l a r  d e b r i s  ( D ) .
41
S A M P L E  T h i n  s e c t i o n  o f  a n  I s r a e l i  b a s e .
T R E A T M E N T  M i c r o e n c a p s u l a t e d .  F i x a t i o n  -  g l u t a r a l d e h y d e / o s m i u m
t e t r o x i d e .  S t a i n  -  u r a n y l  a c e t a t e / l e a d  c i t r a t e .
P L A T E  4 2  M A G N I F I C A T I O N  x  8 , 0 0 0
N O T E  T h i c k  a n d  t h i n  c e l l  w a l l s .
42
S A M P L E  T h i n  s e c t i o n  o f  a  S p a n i s h  b a s e .
T R E A T M E N T  M i c r o e n c a p s u l a t e d .  F i x a t i o n  -  g l u t a r a l d e h y d e / o s m i u m
t e t r o x i d e .  S t a i n  -  u r a n y l  a c e t a t e / l e a d  c i t r a t e .
P L A T E  4 3  M A G N I F I C A T I O N  x  1 0 . 0 0 0
N O T E  T h i c k  a n d  t h i n  c e l l  w a l l s .
43
S A M P L E
T R E A T M E N T
N O T E
P L A T E  4 4
T h i n  s e c t i o n  o f  a  S p a n i s h  b a s e .
M i c r o e n c a p s u l a t e d .  F i x a t i o n  -  g l u t a r a l d e h y d e / o s m i u m  
t e t r o x i d e .  S t a i n  — u r a n y l  a c e t a t e / l e a d  c i t r a t e .
T h i n  c e l l  w a l l s  ( C ) ,  l i p i d  d r o p l e t s  ( L )  a n d  d e n s e l y  
s t a i n i n g  p a r t i c l e s  ( S ) .
M A G N I F I C A T I O N  x  1 7 , 5 0 0
44
S A M P L E  T h i n  s e c t i o n  o f  t h e  s e d i m e n t  f r o m  a  p r o d u c t .
T R E A T M E N T  M i c r o e n c a p s u l a t e d .  F i x a t i o n  -  g l u t a r a l d e h y d e / o s m i u m
t e t r o x i d e .  S t a i n  -  u r a n y l  a c e t a t e / l e a d  c i t r a t e .
P L A T E  4 5  M A G N I F I C A T I O N  x  1 7 . 5 0 0
N O T E  T h i c k  c e l l  w a l l s  ( C )  a n d  c e l l u l a r  d e b r i s  ( D ) .
45
S A M P L E  T h i n  s e c t i o n  o f  t h e  s e d i m e n t  f r o m  a  p r o d u c t .
T R E A T M E N T  M i c r o e n c a p s u l a t e d .  F i x a t i o n  -  g l u t a r a l d e h y d e / o s m i i u n  
t e t r o x i d e .  S t a i n  -  u r a n y l  a c e t a t e / l e a d  c i t r a t e .
P L A T E  4 6  M A G N I F I C A T I O N  x  1 7 . 5 Q O
N O T E  C e l l  w a l l s  a n d  c e l l u l a r  d e b r i s .

S A M P L E  T h i n  s e c t i o n  o f  t h e  c l o u d  f r o m  a  p r o d u c t .
T R E A T M E N T  M i c r o e n c a p s u l a t e d .  F i x a t i o n  -  g l u t a r a l d e h y d e / o s m i u m
t e t r o x i d e .  S t a i n  -  u r a n y l  a c e t a t e / l e a d  c i t r a t e .
N O T E  L i p i d  d r o p l e t s  ( L )  a n d  g r a n u l a r  m a t e r i a l .
P L A T E  4 7  M A G N I F I C A T I O N  x  6 0 , 0 0 0
% i
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S A M P L E  T h i n  s e c t i o n  o f  t h e  c l o u d  f r o m  a  p r o d u c t .
T R E A T M E N T  M i c r o e n c a p s u l a t e d .  F i x a t i o n  -  g l u t a r a l d e h y d e / o s m i u m  
t e t r o x i d e .  S t a i n  -  u r a n y l  a c e t a t e / l e a d  c i t r a t e .
P L A T E  4 8  M A G N I F I C A T I O N  x  4 2 . 0 0 0
N O T E  C e l l  w a l l  ( C )  a n d  c e l l u l a r  d e b r i s  ( D ) .
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S A M P L E  T h i n  s e c t i o n  o f  t h e  n e c k  r i n g  f r o m  a  p r o d u c t .
T R E A T M E N T  M i c r o e n c a p s u l a t e d .  F i x a t i o n  -  g l u t a r a l d e h y d e / o s m i u m  
t e t r o x i d e .  S t a i n  -  u r a n y l  a c e t a t e / l e a d  c i t r a t e .
P L A T E  4 9  M A G N I F I C A T I O N  x  2 0 , 0 0 0
N O T E  O v e r a l l  a p p e a r a n c e  a n d  i n t e r n a l  s t r u c t u r e  o f  p a r t i c l e s
49
P L A T E  5 0  M A G N I F I C A T I O N  x  4 2 , 0 0 0
S A M P L E  T h i n  s e c t i o n  o f  t h e  n e c k  r i n g  f r o m  a  p r o d u c t .
T R E A T M E N T  M i c r o e n c a p s u l a t e d .  F i x a t i o n  -  g l u t a r a l d e h y d e / o s m i u m  
t e t r o x i d e .  S t a i n  -  u r a n y l  a c e t a t e / l e a d  c i t r a t e .
N O T E  I n t e r n a l  o r g a n i s a t i o n  o f  t h e  p a r t i c l e s .
50
S A M P L E
T R E A T M E N T
N O T E
P L A T E  5 1
T h i n  s e c t i o n  o f  t h e  n e c k  r i n g  f r o m  a  p r o d u c t .
M i c r o e n c a p s u l a t e d .  F i x a t i o n  -  g l u t a r a l d e h y d e / o s m i u m  
t e t r o x i d e .  S t a i n  -  u r a n y l  a c e t a t e / l e a d  c i t r a t e .
G r a n u l a r  b o d i e s  ( K )  a n d  o t h e r  m a t e r i a l s  w i t h i n  t h e  
p a r t i c l e .
M A G N I F I C A T I O N  x  3 2 , 0 0 0
51
S A M P L E  T h i n  s e c t i o n  o f  t h e  n e c k  r i n g  f r o m  a  p r o d u c t .
T R E A T M E N T  M i c r o e n c a p s u l a t e d .  F i x a t i o n  -  g l u t a r a l d e h y d e / o s m i u m  
t e t r o x i d e .  S t a i n  -  u r a n y l  a c e t a t e / l e a d  c i t r a t e .
N O T E  M e m b r a n e  b o u n d  p a r t i c l e s .
P L A T E  5 2  M A G N I F I C A T I O N  x  1 7 , 5 0 0
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S A M P L E  T h i n  s e c t i o n  o f  t h e  n e c k  r i n g  f r o m  a  p r o d u c t .
T R E A T M E N T  M i c r o e n c a p s u l a t e d .  F i x a t i o n  -  g l u t a r a l d e h y d e / o s m i u m  
t e t r o x i d e .  S t a i n  -  u r a n y l  a c e t a t e / l e a d  c i t r a t e .
N O T E  M e m b r a n e  b o u n d  p a r t i c l e s .
P L A T E  5 3  ' M A G N I F I C A T I O N  x  1 6 , 0 0 0
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S A M P L E  F r e e z e  e t c h  r e p l i c a  o f  a n  I s r a e l i  s i n g l e  s t r e n g t h  j u i c e .  
T R E A T M E N T  N o  c r y o p r o t e c t a n t .  E t c h e d  a t  - 1 0 0 ° C  f o r  2  m i n u t e s ,
N O T E  . I c e y  m a t r i x ,  c e l l  w a l l s  ( C )  a n d  d r o p l e t s .
P L A T E  54 M A G N I F I C A T I O N  x  2 0 , 0 0 0

P L A T E  5 5  M A G N I F I C A T I O N  x  3 5 , 0 0 0
S A M P L E  F r e e z e  e t c h  r e p l i c a  o f  a n  I s r a e l i  s i n g l e  s t r e n g t h  j u i c e .  
T R E A T M E N T  N o  c r y o p r o t e c t a n t .  E t c h e d  a t  “ 1 0 0 ° C  f o r  2  m i n u t e s .  
N O T E  C e l l  w a l l s  ( C )  a n d  c r y s t a l s  ( X ) .

P L A T E  5 6  M A G N I F I C A T I O N  x  2 5 , 0 0 0
S A M P L E F r e e z e  e t c h  r e p l i c a  o f  a n  I s r a e l i  s i n g l e  s t r e n g t h  j u i c e ,  
T R E A T M E N T  J u i c e  c o n t a i n s  3 0 $  g l y c e r o l  e t c h e d  a t  - 1 0 0 ° C  f o r  2  m i n u t e s .  
N O T E  A g g r e g a t e s  o f  d r o p l e t s  a n d  s o m e  c r y s t a l s  ( X ) .
56
P L A T E  57 M A G N I F I C A T I O N  x  4 0 . 0 0 0
S A M P L E  F r e e z e  e t c h  r e p l i c a  o f  a n  I s r a e l i  b a s e .
T R E A T M E N T  N o  c r y o p r o t e c t a n t .  E t c h e d  a t  - 1 0 0 ° C  f o r  2  m i n u t e s .  
N O T E  A g g r e g a t e s  o f  d r o p l e t s  a n d  s o m e  c r y s t a l s  ( X ) .
57
P L A T E  5 8  M A G N I F I C A T I O N  x  8 0 , 0 0 0
S A M P L E  F r e e z e  e t c h  r e p l i c a  o f  a  S p a n i s h  b a s e .
T R E A T M E N T  N o  c r y o p r o t e c t a n t .  E t c h e d  a t  - 1 0 0 ° C  f o r  2  m i n u t e s .  
N O T E  A g g r e g a t e  o f  d r o p l e t s .
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■rL,Ai& ^  M A G N I F I C A T I O N  x 7 0 . 0 0 0
S A M P L E  F r e e z e  e t c h  r e p l i c a  o f  a n  I s r a e l i  b a s e .
T R E A T M E N T  N o  c r y o p r o t e c t a n t .  E t c h e d  a t  - 1 0 0 ° C  f o r  2  m i n u t e s .  
N O T E  D r o p l e t s  a n d  c r y s t a l l i n e  m a t e r i a l  ( X ) .
59
S A M P L E  F r e e z e  e t c h  r e p l i c a  o f  a n  I s r a e l i  b a s e .
T R E A T M E N T  N o  c r y o p r o t e c t a n t .  E t c h e d  a t  - 1 0 0 ° C  f o r  2  m i n u t e s .  
N O T E  C r y s t a l s  a n d  l a y e r  g r o w t h  s t e p s  ( a r r o w ) .
P L A T E  6 0  M A G N I F I C A T I O N  x  7 0 , 0 0 0
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P L A T E  6 1  M A G N I F I C A T I O N  x  5 0 , 0 0 0
S A M P L E  F r e e z e  e t c h  r e p l i c a  o f  a n  I s r a e l i  4 4 °  B r i x  j u i c e .
T R E A T M E N T  N o  c r y o p r o t e c t a n t .  E t c h e d  a t  - 1 0 0 ° C  f o r  2  m i n u t e s .
N O T E  A g g r e g a t e  c o n t a i n s  d r o p l e t s ,  c r y s t a l s  a n d  g r a n u l a r
b o d i e s  ( K ) .
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S A M P L E  F r e e z e  e t c h  r e p l i c a  o f  a n  I s r a e l i  b a s e .
T R E A T M E N T  N o  c r y o p r o t e c t a n t .  E t c h e d  a t  - 1 0 0 ° C  f o r  2  m i n u t e s ,
N O T E  A g g r e g a t e  c o n t a i n s  d r o p l e t s ,  c r y s t a l s ,  g r a n u l a r  b o d i e s
a n d  s m o o t h  z o n e s  ( Z ) .
P L A T E  6 2  M A G N I F I C A T I O N  x  6 0 , 0 0 0
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S A M P L E  F r e e z e  e t c h  r e p l i c a  o f  a  n e c k  r i n g  f r o m  a  p r o d u c t .  
T R E A T M E N T  N o  c r y o p r o t e c t a n t .  E t c h e d  a t  - 1 0 0 ° C  f o r  2  m i n u t e s .  
N O T E  . R e t i c u l a r  s u r f a c e  o f  t h e  d r o p l e t s .
P L A T E  6 3  M A G N I F I C A T I O N  x  4 0 , 0 0 0
63
S A M P L E  F r e e z e  e t c h  r e p l i c a  o f  a  n e c k  r i n g  f r o m  a  p r o d u c t .  
T R E A T M E N T  N o  c r y o p r o t e c t a n t .  E t c h e d  a t  — 1 0 0 ° C  f o r  2  m i n u t e s .  
N O T E  I n t e r i o r  o f  p a r t i c l e  a p p e a r s  t o  c o n t a i n  d r o p l e t s .
P L A T E  6 4  M A G N I F I C A T I O N  x  6 0 , 0 0 0
64
S A M P L E  F r e e z e  e t c h  r e p l i c a  o f  a  n e c k  r i n g  f r o m  a  p r o d u c t .  
T R E A T M E N T  N o  c r y o p r o t e c t a n t .  E t c h e d  a t  - 1 0 0 ° C  f o r  2  m i n u t e s .  
N O T E  D r o p l e t  a p p e a r s  t o  b e  b o u n d e d  b y  a  m e m b r a n e  ( a r r o w ) .
P L A T E  6 5  M A G N I F I C A T I O N  x  6 0 , 0 0 0
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PLATE 66 
SAMPLE
TREATMENT
Negative s ta in  p repa ra tio n  o f  an I s r a e l i  s in g le  s treng th  
ju ic e .
Cloud f ra c t io n  mixed w ith  2# phosphotungstic ac id  pH 5 .0 .
MAGNIFICATION x 6 0 ,0 0 0
66
SAMPLE Negative s ta in  p repa ra tio n  o f an I s r a e l i  s in g le  
s tre n g th  ju ic e .
TREATMENT Cloud f ra c t io n  mixed w ith  2# phosphotungstic acid pH 5 .0 . 
NOTE C rys ta ls  between c ir c u la r  s tru c tu re s .
PLATE 67 MAGNIFICATION x  4 0 ,0 0 0
/
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SAMPLE Negative s ta in  p repa ra tion  o f an Is r a e l i  s in g le  s tre n g th  
ju ic e .
TREATMENT Sediment f ra c t io n  mixed w ith  2# phosphotungstic ac id  
pH 5.0 .
■?M TE ,68 MAGNIFICATION x 1 5 ,0 0 0
NOTE C rys ta ls  are ly in g  upon densely s ta ined  m a te r ia l.
J wl j f \  >
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SAMPLE Negative s ta in  p repa ra tio n  o f an I s r a e l i  s in g le  
s tren g th  ju ic e .
TREATMENT Sediment f ra c t io n  mixed w ith  2% phosphotungstic ac id  
pH 5.0 .
PLATE 69 MAGNIFICATION x 3 0 .0 0 0
NOTE F ib r i l l a r  m a te ria l (arrow) ly in g  between the c ry s ta ls .
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PLATE 70 
SAMPLE
TREATMENT
Negative s ta in  p repa ra tio n  o f an I s r a e l i  44° B r ix  
ju ic e .
Cloud washed tw ic e , then mixed w ith  2# phosphotungstic 
ac id  pH 5 .0 .
MAGNIFICATION x 1 0 ,0 0 0
70
SAMPLE Negative s ta in  p repa ra tio n  o f an I s r a e l i  base.
TREATMENT Cloud washed tw ic e , then mixed w ith  2# phosphotungstic 
ac id  pH 5 .0 .
PLATE 71 ' MAGNIFICATION x 6 0 ,0 0 0
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SAMPLE Negative s ta in  p repa ra tio n  o f a Spanish base.
TREATMENT Cloud washed tw ic e , then mixed w ith  2# phosphotungstic 
ac id  pH 5 .0 .
PLATE 72 MAGNIFICATION x 100 ,000
NOTE C r y s t a l s  (X) and  membrane bound v e s i c l e s  (H) .
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SAMPLE
TREATMENT
PLATE 73
Negative s ta in  p repa ra tio n  o f a South A fr ic a n  ju ic e .
Cloud washed tw ic e , then mixed w ith  2# phosphotungstic 
ac id  pH 5 .0 .
MAGNIFICATION x 7 5 ,0 0 0
73
SAMPLE Negative s ta in  p repa ra tio n  o f a S ic i l ia n  lemon ju ic e .
TREATMENT Cloud washed tw ic e , then mixed w ith  2% phosphotungstic 
ac id  pH 5 .0 .
PLATE 74 MAGNIFICATION x 2 0 ,0 0 0
NOTE L arg e  and s m a l l  c r y s t a l s .
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SAMPLE Scanning e le c tro n  m icrograph o f cloud p a r t ic le s .
TREATMENT Cloud d r ie d  down onto stub and ro ta ry  coated w ith  
carbon and pa llad ium .
NOTE Mass o f c ry s ta ls .
PLATE 75 MAGNIFICATION x  4 .5 0 0
PLATE 76 MAGNIFICATION x 2,500
SAMPLE Scanning e le c tro n  m icrograph o f inne r surface o f
ju ic e  sac.
TREATMENT Juice sac freeze d r ie d  onto stub and ro ta ry  coated 
w ith  pa llad ium .
NOTE W rinkled appearance o f su rface .
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